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'  Massachusetts  Agricultural  College, 

Amherst,  Jan.  2,  1899. 

To  His  Excellency  Roger  Wolcott. 

Sir  :  —  I  have  the  honor  to  transmit  herewith,  to  Your 
Excellency  and  the  Honorable  Council,  the  thirty-sixth 
annual  report  of  the  trustees  of  the  Massachusetts  Agri- 
cultural College. 

I  am,  very  respectfully, 

Your  obedient  servant, 

HENRY  H.  GOODELL, 

President. 
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CALENDAR  FOR  1899-1900. 


1S99. 

January  4,  Wednesday,  winter  term  begins,  at  8  a.m. 
March  23,  Thursday,  winter  term  closes,  at  10.15  a.m. 
April  5,  Wednesday,  spring  term  begins,  at  8  a.m. 
June  17,  Saturday,  Grinnell  pilze  examination  of  the  senior  class 
in  agriculture. 

f  Baccalaureate  sermon. 
June  18,  Sunday,        ■{    Address  before  the  College  Young  Men's 
[       Christian  Association. 
Burnham  prize  speaking. 


June  19,  Monday, 

(  Flint  prize  oratorical  contest. 

f  Class-day  exercises. 

June  20,  Tuesday,       -l    Meeting  of  the  alumni. 

(^  Reception  by  the  president  and  trustees. 

June  21,  Wednesday,  commencement  exercises. 

June  22-23,  Thursday  and  Friday,  examinations  for  admission,  at 
9  a.m..  Botanic  Museum,  Amherst ;  at  Jacob  Sleeper  Hall, 
Boston  University,  12  Somerset  Street,  Boston;  and  at 
Sedgwick  Institute,  Great  Barrington.  Two  full  days  are 
required  for  examination,  and  candidates  must  come  pre- 
pared to  stay  that  length  of  time 

September  5-6,  Tuesday  and  Wednesday,  examinations  for  ad- 
mission, at  9  a.m..  Botanic  Museum. 

September  7,  Thursday,  fall  term  begins,  at  8  a.m. 

December  21,  Thursday,  fall  term  closes,  at  10.15  a.m. 

1900. 

January  3,  Wednesday,  winter  term  begins,  at  8  a.m. 
March  22,  Thursday,  winter  term  closes,  at  10.15  a.m. 


ANNUAL  EEPOET  OF  THE  TBUSTEES 


MASSACHUSETTS  AGEICULTURAL   COLLEGE. 


His  Excellency  the  Governor  and  the  Honorable  Council. 

There  has  passed  away  within  the  last  few  days  one  who 
for  forty  years  has  been  a  leader  in  the  council  chamber  of 
the  nation.  Patriotic  and  wise  in  his  statesmanship,  con- 
servative, yet  firm  as  the  rocky  hills  of  his  native  State,  in 
his  convictions  he  impressed  his  own  force  and  strength  of 
character  upon  his  associates.  Courteous  and  gentle  in 
manner,  he  so  won  their  love  and  affection  that  his  wishes 
became  law  and  personal  solicitation  secured  what  argument 
failed  to  effect.  Keenly  alive  to  the  lack  of  an  education 
which  had  been  bounded  by  the  narrow  limits  of  his  village 
school,  he  resolved  to  place  within  the  grasp  of  the  indus- 
trial classes  an  education  which  should  best  fit  them  for  the 
duties  and  professions  of  life.  After  years  of  effort  he 
succeeded,  at  a  time  when  the  country  was  distracted  and 
rent  by  civil  dissension  and  war,  in  passing  an  act  estab- 
lishing, in  each  State  and  Territory  accepting  its  provisions, 
a  college  to  teach  such  branches  of  learning  as  are  related 
to  agriculture  and  the  mechanic  arts,  in  order  to  promote 
the  liberal  and  practical  education  of  the  industrial  classes. 
Twenty-eight  years  later,  recognizing  that  the  growth  of  a 
college  must  depend  upon  an  increased  income  to  keep  pace 
with  its  increased  demands,  he  succeeded  in  materially 
adding  to  their  endowment.  The  last  days  of  his  life  were 
spent  in  d&vising  means  for  placing  that  endowment  upon  a 
secure  and  permanent  foundation.  In  the  death  of  Senator 
Justin  S.  Morrill  the  whole  country  has  sustained  a  great 
loss.     What  he  was  in  shaping  the  policy  of  the  nation,  he 
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was  in  the  cause  of  education.  It  would  seem  fitting,  then, 
that  in  this  public  document  of  the  Commonwealth  the  trus- 
tees of  the  Massachusetts  Agricultural  College,  its  faculty 
and  students,  unite  in  this  expression  of  love  and  esteem 
for  his  character  and  reverence  for  the  wisdom  and  foresight 
that  inaugurated  a  system  of  education  so  complete  and  far- 
reaching  in  its  results. 

Dr.  Harris  in  one  of  his  addresses  made  the  remark  that 
the  experiment  station,  as  a  laboratory,  is  the  pivot  on 
which  the  agricultural  college  is  wheeling.  What  the  ex- 
periment station  is  to  the  college,  the  laboratory  is  in  all 
matters  of  education.  It  is  the  nut  on  the  other  side  of  the 
beam  which  holds  the  bolt  and  prevents  it  from  drawing 
through.  It  drives  home  and  clinches  the  theories  advanced 
in  the  recitation  room.  For  what  a  man  has  himself  per- 
formed he  can  never  forget,  and  the  educated  hand  and 
trained  eye  never  lose  their  cunning  till  sense  and  motion 
cease  in  the  absolute  repose  of  death.  Taking  advantage, 
then,  of  this  strong  right  arm  in  education,  we  have  planted 
our  laboratories  in  every  department :  in  the  botanical,  to 
study  plant  diseases  and  their  remedies ;  in  the  horticult- 
ural, to  test  the  different  varieties  of  fruit,  flowers  and 
vegetables  and  the  effects  of  crossing  and  pollination ;  in 
the  entomological,  to  breed  the  crawling,  creeping,  flying 
scourges  that  assail  our  crops,  and  find  out  the  most  effec- 
tive poisons  that  will  exterminate  them  without  injury  to 
the  plant;  in  the  chemical,  to  resolve  compounds  into  their 
component  parts,  and  reassemble  them  into  other  useful 
or  destructive  combinations ;  in  the  physical,  to  study  the 
principles  of  draft  and  mechanics,  or  the  wondrous  powers 
of  electricity;  in  the  agricultural,  to  study  the  properties 
of  soil  and  the  fertilizers  to  be  added  or  withheld ;  in  the 
drill  hall,  to  give  the  student  a  graceful,  easy  carriage,  and 
build  up  a  strong  and  manly  body  as  the  fit  accompaniment 
and  framework  for  a  strong  and  manly  soul.  In  pursuance 
of  this  plan,  at  the  last  session  of  the  General  Court,  an 
appropriation  was  asked  in  order  to  erect  and  maintain 
a  veterinary  laboratory  and  hospital-stable,  for  the  study 
of  animal  diseases  and  the  hygienic  principles  affecting 
the  health  of  domestic  stock.     The  veterinary  department. 
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though  the  last  to  be  recognized,  is  perhaps  the  most 
important  in  the  whole  college  curriculum.  It  touches 
the  life  and  health  of  the  farm  animals  to  the  amount  of 
$20,000,000,  and  through  them  it  atfects  most  intimately 
the  life  and  health  of  the  2,500,000  citizens  of  this  Com- 
monwealth, dependent  upon  them  and  their  products.  It 
is  one  of  the  earliest  attempts,  in  this  State,  to  encourage 
the  intelligent  study  of  animal  disease,  and  is  only  in  line 
with  the  very  first  principle  of  education,  that  instruction 
and  study  must  go  hand  in  hand. 

The  committee  of  trustees  having  in  charge  the  erection 
of  the  necessary  buildings  advertised  for  bids.  Sixteen, 
from  different  parts  of  the  State,  were  offered,  as  shown  in 
the  foUowino-  table  :  — 


James  Bovvdry,  Jr.,  Holyoke, 

H.  P.  Cummins  &  Co.,  Ware, 

S.  S.  &  H.  N.  Lawrence,  Fitchburg, 

Joseph  Hebert,  Northampton, 

N.  L.  Cain,  Holyoke, 

H.  C.  Wood,  Westfield, 

A.  A.  Jones,  Holyoke, 

Thorpe  Bros.,  Holyoke, 

La  Liberie,  Holyoke, 

La  France  &  La  Rivier,  Holyoke,  . 

Lynch  Brick  Company,  Holyoke,  . 

J.  W.  Bishop  &  Co.,  Worcester, 

Cutting,  Bardwell  &  Co.,  Worcester, 

E.  L.  Witherell,  Westfield  (stable), 

Allen  Bros.,  Amherst, 

Henry  Mellen  &  Son,  Worcester,  . 


$21,985 
20,944 
27,475 
22,865 
23,150 
19,157 
20,070 
21,647 
22,971 
20,789 
22,963 
19,«68 
24,750 
6,874 
20,300 
17,985 


The  lowest,  that  of  Henry  Mellen  &  Son  of  Worcester, 
was  accepted.  The  laboratory  and  stable,  built  of  brick 
with  brown-stone  trimmings,  are  now  well  advanced 
towards  completion,  the  walls  being  up  and  roofed  over 
and  the  slate  already  in  place.  In  like  manner  the  build- 
ing intended  for  the  dairy  plant  was  let  to  the  lowest 
bidder,  and  will  soon  be  ready  for  work. 

The  wave  of  patriotism  that  swept  over  our  land  left  its 
impress  upon  the  college,  as  it  did  upon  all  similar  institu- 
tions. It  found  there  willing  minds  and  loyal  hearts,  and 
stirred  them  as  none  have  been  stirred  since  the  days   of 
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'61-'65.  The  men  who  framed  and  passed  the  act  of  1862, 
establishing  in  each  State  and  Territory  an  agricultural  and 
mechanical  college,  builded  far  better  than  they  knew  when 
they  imposed  instruction  in  the  art  and  theory  of  war  as  a 
condition  to  the  acceptance  of  the  grant.  Never  was  there 
a  larger  return  for  capital  invested.  Hardly  had  the  call  to 
arms  been  sounded,  when,  all  over  the  country,  scholars, 
teachers,  graduates,  who  had  enjoyed  the  advantages  of  mil- 
itary instruction  in  these  colleges,  leaped  to  the  front,  and, 
oflering  their,  services,  took  the  field.  No  one  observing 
either  the  number  or  the  quality  of  these  men  could  for  an 
instant  doubt  the  wisdom  of  a  policy  which  had  in  time  of 
peace  so  carefully  prepared  for  war  and  furnished  material 
for  just  such  an  emergency.  The  presidents  of  twenty- 
four  of  these  colleges  reported  that  29  of  the  undergradu- 
ates and  50  alumni  had  been  commissioned  in  the  regular 
army,  and  157  undergraduates  and  296  alumni  in  the  volun- 
teer service, — a  total  of  541  officers,  or  enough  for  about 
12  regiments.  Further,  1,084  students  and  ex-students 
joined  the  army  as  non-commissioned  officers  or  privates. 
From  these  figures,  reported  by  only  one-half  of  the  col- 
leges, we  may  safely  assume  that  when  full  returns  are 
received  the  number  of  officers  will  foot  up  to  at  least  600, 
and  the  non-commissioned  officers  and  privates  to  1,500  or 
1,600.  One  college  alone,  that  of  the  State  University  of 
Ohio,  and  from  which  incomplete  returns  have  as  yet  been 
received,  was  represented  in  the  army  by  3  field  officers,  28 
line  and  209  non-commissioned  officers  and  privates.  Our 
own  college  furnished  for  its  quota  28.  Of  these,  4  were 
in  the  regular  army  and  navy,  and  the  rest  in  the  volunteer 
service.  Seven  dropped  their  college  Avork  and  endured 
the  discipline  of  camp  and  garrison  life.  Of  these,  5  have 
been  discharged  by  reason  of  expiration  of  term  of  service, 
and  2  are  still  in  camp,  pending  the  result  of  their  applica- 
tions for  discharge  to  return  and  resume  their  studies.  One 
private,  Harvey  R.  Atkins,  pined  away  and  died  of  a  broken 
heart  on  the  shores  of  Santiago,  consumed  with  longing  for 
his  native  land  ;  and  one,  alas,  now  sleeps  beneath  a  spread- 
ing oak  in  the  national  cemetery  at  Arlington.  Wounded 
in  the  arm,  then  shot  through  a  vital  part  of  the  body,  a 
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third  time  wounded  in  the  leg  and  twice  more  grazed  by- 
hostile  balls,  he  lay  all  day  amid  the  heat  and  conflict  of  the 
battle  at  El  Caney,  and  as  the  night  was  lengthening  into  the 
dawn  he  passed  away.  On  the  afternoon  of  November  9 
memorial  services  were  held  in  the  college  chapel,  and  on 
its  walls  was  placed  a  bronze  tablet,  set  in  Sienna  marble, 
in  loving  remembrance  of  Captain  Walter  Mason  Dickinson, 
by  his  college  friends. 

The  entering  class  this  year  was  fully  up  to  the  mark  of 
the  last  two  or  three  years,  34  having  entered  the  freshman 
class,  and  the  sophomore  receiving  5  additions.  The  plan 
proposed  by  the  college  committee  of  the  Board  of  Over- 
seers, to  place  one-half  of  the  free  scholarships  offered  by 
the  State  within  the  gift  of  the  members  of  the  Board  of 
Agriculture,  would  be  a  move  in  the  right  direction.  It 
would  have  the  effect  of  enlisting  the  co-operation  and  aid 
of  a  wider  circle  of  men,  fully  in  sympathy  with  the  college 
and  its  aims,  and  strengthening  the  bond  which  now  unites 
the  two.  Legislation  would  be  necessary  to  bring  about 
this  change,  but  the  direct  benefits  appear  so  obvious  that  it 
is  worthy  of  careful  consideration. 

The  studies  of  the  senior  year,  sixteen  in  number,  have 
thus  far  been  elective,  with  the  exception  of  English  and 
military,  which  were  required.  An  experience  of  six  years 
has  shown  that  there  has  been  much  misdirected  eftbrt  on 
the  part  of  the  students,  resulting  partly  from  inclination, 
but  mostly  from  a  failure  to  grasp  the  proper  correlation  of 
subjects.  Certain  studies  naturally  fall  into  the  same 
group,  — as  entomology,  botany  and  German,  or  geology, 
agriculture  and  chemistry.  But  these  groupings  are  not 
always  clearly  seen  nor  appreciated.  To  aid  the  students 
in  selecting  a  proper  sequence  of  studies,  a  dozen  or  more 
courses  have  been  arranged,  which  will  be  offered  for  selec- 
tion. It  is  believed  that  in  this  way  better  results  will  be 
secured  and  more  thorough  work  done  in  the  time  allowed. 
The  courses  in  geology  and  astronomy,  established  last 
year,  have  been  appreciated,  and  supply  a  want  long  felt. 

During  March  a  true  meridian  was  established  by  a  num- 
ber of  observations  on  Polaris  at  western  elongation.  In 
September  the  work  was  checked  by  observations  at  eastern 
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elono-ation.  The  line  has  been  transferred  to  a  suitable 
place  and  permanently  marked.  The  location  of  the  south 
end  is  the  centre  of  the  upper  end  of  a  piece  of  one  and 
one-half  inch  gas  pipe  on  the  west  side  of  the  road  near  the 
drill  hall.  The  north  end  is  a  cross,  cut  in  the  stone  on 
the  south  end  of  the  east  step  at  the  eastern  entrance  to  the 
chapel-library  building.  This  point  is  believed  to  be  free 
from  local  attraction,  and  compasses  should  be  set  up  there 
when  mao-netic  declination  is  to  be  determined.  This  line 
may  be  used  by  any  who  so  desire  for  testing  their  com- 
passes and  determining  the  angle  between  the  true  and 
magnetic  north,  as  given  by  any  particular  instrument  at 
any  desired  time.  The  change  in  the  direction  of  magnetic 
north  from  year  to  year  may  also  be  determined. 

The  finances  of  the  college  demand  special  consideration. 
The  income  from  the  maintenance  fund  has  steadily  de- 
creased, while  the  expenses  have  correspondingly  increased. 
New  methods  and  appliances  and  new  courses  opened  to 
meet  the  growing  demands  have  required  corresponding  out- 
lays. The  number  of  buildings  has  increased  from  six  to 
twenty-eight,  each  building  requiring  care  and  attention  and 
more  or  less  repairing  each  year.  The  teaching  force  has 
been  augmented  from  four  to  eighteen,  and  is  still  inade- 
quate to  give  the  instruction  required  by  the  charter  of  the 
college  and  the  law  of  the  United  States  under  which  it 
was  founded.  It  is  the  looical  outcome  of  a  oTowinsi;  insti- 
tution.  There  can  be  no  middle  ground ;  it  must  either 
advance  or  retrograde,  —  it  cannot  stand  still.  This  year 
the  income  from  our  maintenance  fund  has  diminished 
$1,500,  and  we  are  assured  that  it  will  probably  be  less  the 
ensuing  twelve  months.  Predicating  our  resources  on  last 
year's  receipts,  we  find  ourselves  in  debt,  through  no  fault 
of  our  own,  but  through  the  falling  off"  of  the  rate  per  cent, 
of  our  investments.  To  maintain  the  college,  not  only  in 
its  present  standing,  but  to  enable  it  to  do  the  work  for 
which  it  was  founded,  we  ask  that  an  annual  increase  to 
our  resources  be  made  of  $10,000.  Our  teachers  are  under- 
paid and  overworked.  The  dairy  school  requires  additional 
equipment  and  teaching  force.  The  short  winter  courses, 
for  those  unable  to  spend  four  years  in  securing  an  educa- 
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tion,  need  extra  help ;  and  the  library,  which  places  tools 
in  the  hands  of  teacher  and  pupil,  has  received  the  barest 
additions,  except  through  gift  and  exchange,  the  past  two 
years.  Massachusetts  offers  her  sons  and  daughters  the 
best,  and  they  have  a  right  to  demand  the  best.  But  the 
best  can  only  be  had  at  the  market  price  for  the  best. 

In  addition  to  the  customary  reports,  I  have  the  honor  to 
submit  a  special  paper  on  "Butter  Cultures." 

Respectfully  submitted,  by  order  of  the  trustees, 

HENRY  H.  GOODELL, 

President. 
Amherst,  Jan.  2, 1899. 
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THE   CORPORATION. 


J.  HOWE  DEMOND  of  Northampton,  . 
ELMER  D.  HOWE  of  Marlborough,    . 
NATHANIEL  I.  BOWDITCH  of  Framingham, 
WILLIAM  WHEELER  of  Concord, 
ELIJAH  W.  WOOD  of  West  Newton, 
CHARLES  A.  GLEASON,  of  New  Braintree, 
JAMES  DRAPER  of  Worcester,  . 
SAMUEL  C.  DAMON  of  Lancaster,     . 
HENRY  S.  HYDE  of  Springfield, 
MERRITT  I.  WHEELER  of  Great  Harrington, 
JAMES  S.  GRINNELL  of  Greenfield, 
CHARLES  L.  FLINT  of  Brookline,      . 
WILLIAM  H.  BOWKER  of  Boston,      . 
J.  D.  W.  FRENCH  of  Boston, 


TEBH  EXPIBES 

1900 
1900 
1901 
1901 
1902 
1902 
1903 
1903 
1904 
1904 
1905 
1905 
1906 
1907 


Members  Ex  OflB.cio. 
His  Excellency  Governor  ROGER  WOLCOTT, 

President  of  the  Corporation. 
HENRY  H.  GOODELL,  President  of  the  College. 
FRANK  A.  HILL,  Secretary  of  the  Board  of  Education. 
WILLIAM  R.  SESSIONS,  Secretary  of  the  Board  of  Agriculture. 


JAMES  S.  GRINNELL  of    Greenfield, 
Vice-President  of  the  Corporation. 


GEORGE  F.  MILLS  of  Amherst,  Treasurer. 


CHARLES  A.  GLEASON  of  New  Braintree,  Auditor. 
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Committee  on  Finance  and  Buildings.* 
JAMES  S.  GRINNELL.  HENRY  S.  HYDE. 

J.  HOWE  DEMOND.  SAMUEL  C.  DAMON. 

CHARLES  A.  GLEASON,  Chairman. 


Committee  on  Course  of  Study  and  Faculty.* 
WILLIAM  H.  BOWKER.  ELMER  D.  HOWE. 

CHARLES  L.  FLINT.  J.  D.  W.  FRENCH. 

WILLIAM  WHEELER,  Chairman. 


Committee  on  Farm  and  Horticultural  Department.* 
WILLIAM  R.  SESSIONS.  JAMES  DRAPER. 

NATHANIEL  I.  BOWDITCH.         MERRITT  I.  WHEELER. 
ELIJAH  W.  WOOD,  Chairman. 


Committee  on  Experiment  Department.* 
CHARLES  A.  GLEASON.  ELIJAH  W.  WOOD. 

WILLIAM  WHEELER.  WILLIAM  R.  SESSIONS. 

JAMES  DRAPER,  Chairman. 


Committee  on  New  Buildings  and  Arrangement  of  Grounds.* 
WILLIAM  WHEELER.  SAMUEL  C.  DAMON. 

CHARLES  L.  FLINT.  J.  D.  W.  FRENCH. 

JAMES  DRAPER,  Chairman. 


Board  of  Overseers. 
STATE  BOARD  OF  AGRICULTURE. 


Examining  Committee  of  Overseers. 
GEORGE  CRUICKSHANKS  (C/i'w),      of  Fitchburg. 
E,  A,  HARWOOD,  ...         of  North  Brookfield. 

JOHN  BURSLEY,  ....         of  West  Barnstable. 
C.  K.  BREWSTER,  ...         of  Worthington. 

WESLEY  B.  BARTON,  .         .         of  Dalton. 

*  The  president  of  the  college  is  ex  officio  a  member  of  each  of  these  com- 
mittees. 
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The  Faculty. 

HENRY  H.  GOODELL,  LL.D.,  President. 

Professor  of  Modern  Languages. 

LEVI  STOCKBRIDGE, 

Professor  of  Agriculture,  Honorary. 

CHARLES  A.  GOESSMANN,  Ph.D.,  LL.D., 

Professor  of  Chemistry. 

SAMUEL  T.  MAYNARD,  B.Sc, 

Professor  of  Horticulture. 

CHARLES   WELLINGTON,  Ph.D., 

Associate  Professor  of  Chemistry. 

CHARLES  H.  FERNALD,  Ph.D., 

Professor  of  Zoology. 

Rev.  CHARLES  S.  WALKER,  Ph.D., 

Professor   of  Mental  and   Political  Science. 

WILLIAM  P.  BROOKS,  Ph.D., 

Professor  of  Agricult^ire. 

GEORGE  F.  MILLS,  M.A., 

Professor  of  English   and  Latin. 

JAMES  B.  PAIGE,  D.V.S., 

Professor  of  Veterinary  Science. 

GEORGE  E.  STONE,  Ph.D., 

Professor  of  Botany. 

JOHN  E.  OSTRANDER,  M.A.,  C.E., 
Professor  of  Mathematics  and  Civil  Engineering. 

HERMAN  BABSON,  M.A., 

Assistant   Professor   of  English. 
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EDWARD  R.  FLINT,  Ph.D., 

Assistant  Professor  of  Chemistry. 

FRED  S.  COOLEY,  B.Sc, 

Assistant  Professor  of  Agriculture. 
(Animal  Husbandry  and  Dairying.) 

RICHARD  S.  LULL,  M.S., 
Assistant  Professor   of  Zoology. 

RALPH  E.  SMITH,  B.Sc, 

Instructor  in  German  and  Botany. 

PHILIP  B.  HASBROUCK,  B.S., 

Assistant  Professor  of  Mathematics. 

WILLIAM  M.  WRIGHT,  Captain,  2d  Infantry,  U.S.A., 
Professor  of  Military  Science  and  Tactics. 

ROBERT  W.  LYMAN,  LL.B., 

Lecturer  on  Farm  Law. 

HENRY  H.  GOODELL,  LL.D., 

Librarian. 

ELISHA  A.  JONES,  B.Sc, 

Farm  Superintendent. 


Graduates  of  1898.* 

Master  of  Science. 
Holland,  Edward  Bertram,    ....     Amherst. 

Bachelor  of  Science. 

Adjemian,  Avedis  Garrabet  (Boston  Univ.),  Kharpoot,  Turkey. 

Baxter,  Charles  Newcomb  (Boston  Univ.),    .  Quincy. 

Clark,  Clifford  Gay  (Boston  Univ.),      .         .  Sunderland. 

Eaton,  Julian  Stiles  (Boston  Univ.),     .         .  Nyack,  N.  Y. 

Fisher,  Willis  Sikes  (Boston  Univ.),     .         .  Ludlow. 

Montgomery,  Jr.,  Alexander  (Boston  Univ.) ,  Natick. 

*  The  annual  report,  being  made  in  January,  necessarily  includes  parts  of  two 
academic  years,  and  the  catalogue  bears  the  names  of  such  students  as  have  been 
connected  with  the  college  during  any  portion  of  the  year  1898. 
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Nickerson,  John  Peter  (Boston  Univ.) , 
Warden,     Randall     Duncan     (Boston 

Univ.), 

Wiley,  Samuel  William  ( Boston  Univ. ) , 
Wright,  George  Henry  (Boston  Univ.) , 

Young,  Charles  Elisha  ('81), 

Total, 


West  Harwich. 

Roxbury. 
Amherst. 
Deerfield. 

White  Plains,  N.  Y. 


12 


Senior  Class. 


Armstrong,  William  Henry, 
Beaman,  Dan  Ashley, 
Boutelle,  Albert  Arthur, 
Chapin,  William  Edward, 
Dana,  Herbert  Warner, 
Hinds,  Warren  Elmer, 
Hooker,  William  Anson, 
Hubbard,  George  Caleb, 
Maynard,  Howard  Eddy, 
Pingree,  Melvin  Herbert, 
Sharpe,  Edward  Hewett, ' 
Smith,  Bei'nard  Howard, 
Smith,  Samuel  Eldredge, 
Stacy,  Clifford  Eli,       . 
Turner,  Frederick  Harvey, 
Walker,  Charles  Morehouse 
Wright,  Edwin  Monroe, 
Total,  . 


Cambridge. 

Leverett. 

Leominster, 

Chieopee. 

South  Amherst. 

Townsend. 

Amherst. 

Sunderland. 

Amherst. 

Denmark,  Me. 

Northfield. 

Middlefield. 

Middlefield. 

Gloucester. 

Housatonic. 

Amherst. 

Manteno,  111. 


17 


Junior  Class. 


Atkins,  Edwin  Kellogg, 
Baker,  Howard,  . 
Brown,  Frank  Howard, 
Campbell,  Morton  Alfred,    . 
Canto,  Ysidro  Herrera, 
Crane,  Henry  Lewis,  . 
Crowell,  Jr.,  Charles  Augustus, 
Crowell,  Warner  Rogers, 
Felch,  Percy  Fletcher, 
Frost,  Arthur  Forrester, 
Gile,  Alfred  Dewing,  . 
Halligan,  James  Edward,    . 


North  Amherst. 

Dudley. 

Newton  Centre. 

Townsend. 

Cansahcat,  Mexico. 

Ellis. 

Everett. 

Everett. 

Worcester. 

South  Monmouth,  Me. 

Worcester. 

Rosliudale. 


1899.] 


PUBLIC   DOCUMENT —  No.  31. 


21 


Harmon,  Arthur  Atwell, 
Hull,  Edward  Taylor, 
Kellogg,  James  William, 
Landers,  Morris  Bernard, 
Lewis,  James, 
March,  Allen  Luc^s,   . 
Merrill,  Frederic  Augustus, 
Monahan,  Arthur  Coleman, 
Morrill,  Austin  Winfield,     . 
Munson,  Mark  Hayes, 
Otis,  Wilbur  Corthell, 
Ovalle  Barros,  Julio  Moises, 
Parmenter,  George  Freeman, 
Saunders,  Edward  Boyle, 
Stanley,  Francis  Guy, 
Walker,  Henry  Earl,   . 
West,  Albert  Merril,    . 
Total, 


Chelmsford. 

Greenfield  Hill,  Conn. 

Amherst. 

Bonds  ville. 

Fairhaven. 

Ashfield. 

Boston. 

South  Framingham. 

Tewksbury. 

Huntington. 

Beachmont. 

Santiago,  Chili. 

Dover. 

Southwick, 

Springfield. 

Vineyard  Haven. 

Brookville. 


29 


Sophoniore 

Ahearn,  Michael  Francis,    . 
Barry,  John  Cornelius, 
Boutelle,  Clarence  Alfred,   . 
Bridgeforth,  George  RufBn, 
Brooks,  Percival  Gushing,    . 
Casey,  Thomas, 
Chapman,  John  Chauncey,  . 
Chickering,  James  Henry,    . 
Clarke,  George  Crowell, 
Cooke,  Theodore  Frederic,  . 
Curtis,  Ernest  Waldo, 
Dana,  George  Henry, 
Dawson,  William  Alucius,  . 
Dickerman,  William  Carlton, 
Dorman,  Allison  Rice, 
Gamwell,  Edward  Stephen, 
Gordon,  Clarence  Everett,   . 
Graves,  Jr.,  Thaddeus, 
Greeley,  Dana  Sanford  Bernard, 
Gurney,  Victor  Henry, 
Hemenway,  Francis  Ellis,    . 
Henry,  James  Buel,     . 
Howard,  John  Herbert, 


Class. 


Framingham. 

Amherst. 

Leominster. 

Westmoreland,  Ala. 

Brockton. 

Amherst. 

Amherst. 

Dover. 

Maiden. 

Austerlitz,  N.  Y. 

Canton. 

South  Amherst. 

Worcester. 

Taunton. 

Springfield. 

Pittsfield. 

Clinton. 

Hatfield. 

East  Foxborough. 

Forge  Village. 

Williamsville. 

Scitico,  Conn. 

Littleton  Common. 
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Hunting,  Nathan  Justus, 
Jones,  Clark  Winthrop, 
Jones,  Cyrus  Walter, 
Judd,  Warren  Harold, 
Leslie,  Charles  Thomas, 
Macomber,  Ernest  Leslie, 
Moulton,  Harry  Jackson, 
Paul,  Herbert  Amasa, 
Pierson,  Wallace  Rogers, 
Rice,  Charles  Leslie,    . 
Rogers,  William  Berry, 
Root,  Luther  Augustus, 
Smith,  Ralph  Ingram, 
Tashjian,  Dickran  Bedross, 
Todd,  John  Harris, 
Whitman,  Nathan  Davis, 
Wilson,  Alexander  Cavassa, 
Total,  .         .         . 


Shutesbury. 

Huntington. 

Amherst. 

South  Hadley  Falls. 

Pittsfield. 

Taunton. 

Milford. 

Lynn. 

Cromwell,  Conn. 

Pittsfield. 

Cambridge. 

Deerfield. 

Leverett. 

Kharpoot,  Turkey. 

Rowley. 

South  Boston. 

Boston. 


40 


Presliman  Class. 


Adams,  Edward  Ellis, 
Ball,  George  Treadwell, 
Belden,  Joshua  Herbert, 
Blake,  Maurice  Adin, 
Bodflsh,  Henry  Look, 
Chapin,  Warren  Luther, 
Chase,  William  Zachai-iah, 
Church,  Frederick  Richard, 
Claflin,  Leander  Chapin, 
Cole,  William  Richardson, 
Cook,  Lyman  Adams, 
Cooley,  Orrin  Fulton, 
Dacy,  Arthur  Lincoln, 
Dellea,  John  Martin,  . 
Dwyer,  Chester  Edwards, 
Fulton,  P2rwin  Stanley, 
Gates,  Victor  Adolph, 
Greenman,  Fred  Howard, 
Hall,  John  Clifford,     . 
Hanlon,  Harold  Clinton, 
Hodgkiss,  Harold  Edward, 
Holder,  Walter  Safiford, 
James,  Harold  Francis, 


Millis. 

Holyoke. 

Newington,  Conn. 

Millis. 

Tisbury. 

Amherst. 

Lynn. 

Ashfield. 

Philadelphia,  Pa. 

West  Boxford. 

Millis. 

South  Deerfield. 

Boston. 

North  Egremont. 

Lynn. 

Lynn. 

Memphis,  Tenn. 

Haverhill. 

Rock  Bottom. 

North  Easton. 

Wilkinsonville. 

Lynn. 

Boston. 
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James,  Hubert  Carey, 
Kinney,  Charles  Milton, 
Knight,  Howard  Lawton, 
Lewis,  Claude  Isaac,  . 
McCobb,  Edmund  Franklin 
Morse,  Ransom  Wesley, 
Peabody,  Harry  Eldridge, 
Smith,  Samuel  Leroy, 
Walker,  Alpheus  Hazard, 
Warden,  James  Kent, 
West,  David  Nelson,  . 
Total, 


Boston. 

Northampton. 

Gardner. 

Unionville. 

Milford. 

Belchertown. 

Stoneham. 

South  Hadley. 

Millbrook. 

Rocky  Point,  N.  Y. 

Northampton. 


34 


Short  Winter  Cotirses. 


Dickinson,  Raymond  Daniel, 
Giflord,  John  Edwin, 
Holt,  Jonathan  Edward, 
Killam,  Myron  E., 
Leach,  Oliver  Herbert, 
Packard,  Walter  T.,    . 
Risley,  Clayton  Erastus, 
Ward,  Hezekiah  Erwin, 
Total, 


North  Amherst. 

Sutton. 

Andover. 

West  Boxford. 

Moultonborough,  N.  H. 

Campello. 

Plainfield,  N.  J. 

Buckland. 


Graduate  Course. 

For  Degree  of  M.S. 
Adjemian  (B.Sc,  M.  A.  C,  '98),  Ave- 


dis  Garrabet,  ..... 
\  Armstrong    (B.Sc,   M.   A.    C,   '97), 
Herbert  Julius,         .... 
V  Caudell    (B.S.,  Oklahoma,   '96),    An- 
drew Nelson,  ..... 
Goessmann    (B.Sc,    M.  A.  C,  '97), 
Charles  Ignatius,      .... 
Goodale  (A.B.,  Amherst  College,  '98), 
Alfred  Shepard,       .         .         .  . 

-    Hemenway,    (B.Sc,   M.  A.  C,  'S5), 
Herbert  Daniel,        .... 
Kochi  (B.S.,  Sapporo,   '91),   Chujiro,     Bingo,  Japan. 
Leavens  (B.Sc,  M.  A.  C, '97),  George 

Davison, Brooklyn  Heights,  N.  Y. 


Kharpoot,  Turkey. 
Sunderland. 
Kansas  City,  Mo. 
Amherst. 
South  Amherst. 
Williamsville. 
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Peters,  (B.Sc,  M.  A.  C,  '97),  Charles 

Adams,  ......     "Worcester. 

Stevens    (BA.,  Harvard  Univ.,  '95), 

Waldo  Warland,      ....     Groton. 
Total,  . 


[Jan. 


10 


Resident  Graduates  at  tlie  College 

Cooley,  B.Sc,  Robert  Allen, 
Drew,  B.Sc,  George  Albert, 
Haskins,  B.Sc,  Henri  Darwin, 
Holland,  B.Sc,  Edward  Bertram, 
Jones,  B.Sc,  Benjamin  Kent, 
Kinney,  B.Sc,  Asa  Stephen, 
Mossman,  B.Sc,  Fred  Way, 
Roper,  B.Sc,  Harry  Howard, 
Smith,  B.Sc,  Frederic  Jason, 
Smith,  Jr.,  B.Sc,  Philip  Henry, 
Thomson,  B.Sc,  Henry  Martin, 
Wiley,  B.Sc,  Samuel  William, 
Total, 


and  Experiment  Station. 

South  Deerfield. 

Westford. 

North  Amherst. 

Amherst. 

Middlefield. 

Worcester. 

Westminster. 

East  Hubbardston. 

North  Hadley. 

South  Hadley  Falls. 

Monterey. 

Amherst. 

.       12 


Special  Students. 

Howard  (Amh.  Coll.),  Arthur  Day,     .     Glencoe,  111. 
Kendall  (Amh.  Coll.),  Henry  Plimpton,     Walpole. 
Total,  .         .         .         .         . 


Graduate  course  :  — 
For  degree  of  M.S. 

Four-years  course :  — 
Graduates  of  1898, 
Senior  class,   . 
Junior  class,   . 
Sophomore  class. 
Freshman  class. 

Winter  course,    . 

Resident  graduates, 

Special  students, 

Total, 
Entered  twice,    . 

Total, 


Summary 


10 


12 

17 

29 

40 

34 

8 

12 

2 

164 
3 

161 

1899.] 


PUBLIC   DOCUMENT  — No.  31. 


25 


, 

^ 

■3  1 

>, 

« 

«   - 

60    >-^ 

■^  to 

p  5 

o7' 

•a  o 
2^ 

1 

a 

a 

£ 

a 

_^    ® 

73    o 

c    a 

•<* 

■* 

CO 

03     V 

1 

1 

1 

f 

1 

1 

•a  s 

O   CQ 

^ 

,p" 

j£ 

'^  -s 

o 

o 

<D     C3 

a 

p 

a 

^1 
00 

u 

s 
b 

<o 

Ec 

E<* 

£ 

J3 

M 

CO 

CO 

I 

( 

a  T* 

1 

1 

1 

."    an 

■s  B 

ja" 

A 

S3 

^H 

.£ 

.2 

.2 

-o 

as 

M 

SB 

a 

Q 

c 

P 

03 

W 

H 

H 

S 

SB         1. 

aoSl 

T3 
O 

« 

03     _a 

a   SBO 

■£■ 

a 

>, 

a> 

a>    1   oS 

q)    p-H 

^ 

M 

§  1-5 

S«5 

goo 

"S 

M    05^ 

ca  c«  >, 

a 

>  i;  o 

■o^  o 

°  1 

v    1 

<l    ca 

< 

iS 

>. 

^ 

o 

1 

1 

to 

5 

OS 

b 

3 

1 

1 

■s 

^ 

■^  CO 

p  1 

1 

a   1 

a  >; 

>» 

C    1~ 

^ 

"3  M 

1 

.3  a 

CD     OJ 

J3 

2-S 

O 

1 

' 

2  >> 

_ 

_ 

03 

SS 

h 

3 

9 

* 

'^ 

"3 

>, 

>>  "3 

3 

r2 

o    2 

m 

a 

C3 

O    o 

MM 

!^  . 

>>    . 

-o 

§"= 

sl 

a 

■"   1 

1 

cs 

o  1 

pa 

o  1 

Si's 

73 

S 

3 

03 

oS 

"5  m 

e 

2 

3 

0-* 

o 

MH    O      1 

■H     1 

60 

< 

1 

i:  S  ■" 

.SCO'S 
W 

■S-a 

M 

• 

*r 

U 

• 

s 

a 

a 

a 

S 

^ 

3 

O 

o 

W 

Oh 
O 


"3 

1 

u 

1 

so 

f 

a 

a 

03 

& 

.a 

03 

o 

^ 

f 

a 

•0-* 

1 

1 

1 

1 

1 

1 

1 

CO 

1 

1 
1 

1 

1 

1 

ja 

a 

.a 

an 

SB 

so 

B 

a 

a 

w 

H 

H 

>. 

SUD 

t^ 

a 

CO 

■^ 

(U 

*»M 

a 

01 

> 

1 

1 

o 

a 

3 

a 

so 

a 

o 

■>. 

SB -din 

,a 

> 

°    1 

h 

as    1 

<» 

3 

H 

a 

02 

73 

"* 

p 

1 

1 

C9 

1;^ 

' 

>, 

so 

a 

o 

o 

o 

S 

0! 

>» 

fl 

a 

ft 

< 

J, 

•>* 

i 

*«>. 

c 

1 

03 

1) 

a 

1 

ft 

a1 

r-     03 

0) 

iH 

"3 

a 

a 

■a 

a 

S3 

1 

>• 
11- 

<D 

J3 

1 

(S-S   1 

o 

s  1 

3 

3 
o 

o 

r3.2 

(3 

IJ 

0 

o 

>. 

1 

a 

O 

aT 

o 

o 

%* 

a 

C3 
u     • 

o 

1 

o 
o 

jT 

^    1 

3 

t^ 

o 

OS 

3 

a 

C3 

^s 

o 

O 

i^ 

03 

* 

o 

ca 

1-1 

K 

_ 

«  .  - 

^7 

_S  o  § 

o 

s 

a  1 

.2  a  § 

<o 

S  '^ 

S2so 

> 

iM  a 

|a 

o 

a 

SB 

■«  °  Sf  1 

a 

3i 
O  03 

1 

O    (I   « 

..  ft5  - 

isas^ 

2 

SL-a 

•g.-'O  « 

CP 

m 

. 

(S 

<u 

a 

^ 

a 

a 

03 

^ 

3 

26 


AGRICULTURAL   COLLEGE. 


[Jan. 


!*. 

a  S 

1 

' 

1 

gs 

P  -o 

1 

t 

a 

a 

9 

-3    o 

a    a 

' 

' 

' 

a  .2 

^  '" 

o  r/j 

a  — 

<u    a 

^  *!r; 

f^    § 

1 

1 

1 

m 

■s 

2^ 

2^ 

(N 

1 

.S   » 

"  1 

s  1 

1 

3« 

»i3  oT 

A  a 

^ 

s  3 

£  *- 
S  S 

._2 

61) -5 

60-^ 

"So 

a  c3 

Q  e! 

a 

H 

H 

H 

>. 

t>. 

s 

■a 

J3 

.  Oi 

.  a 

i 

cq 

CO 

■^ 

1 

1  >» 

1  >» 

1 

Ls« 

U^ 

^a 

o 

Jl  1 

IB  1 

S  o  m" 

S    O    m 

>. 

>>^  S 

>sj=    O 

■    ^ 

ja  cs" 

^   CS  — 

Ph 

Pl,^:1 

CuiJ 

C3  00 

to 

o   1 

1 

•o 

TO 
1 

to 

.  o 

t^ 

_o 
"o 

o 

60 

O 

a 

o 

■S  o 

.•o 

o  -^ 

o 

a 

N 

N 

W 

>> 

m 

i.S 

"O" 

si 

_>. 

cs  a 

c  g 
^1 

"3 
a 

03 
» 

a 
o 

> 
1^ 

|-2.| 

0) 

a 

O     60 
O 

IT 

9   O   m 

to  ic 

^  1 

<y 

J 

El 

tS 

a 

a> 

a 

« 

S 

'S 

1 

73 

f>    3 

■o 

60 

5  -2 

a 

60 

®   _• 

O.'O 

i  L 

■a  tj 

a 

'3.  1 

1 

c  a 

a 

a  — 

a 

J 

■     .'   <H 

•   *a 

53° 

§°     I 

S  2  a 

g  c;  0) 

1 

'^^  ^  ^ 

i;—  60 

hi 
3 

a  ° 

•a  _  -^ 

o  53  cs    • 

0)     .5 
5°2 

"3 

a  %^-* 

^     -a 

i^^' 

<1 

-  2   -P< 

.2   4)   fe 

j:  J)  boo 

'^■^  2  . 

§.2  =  S 

1 

"3  P<boir^ 

a 

cd 

• 

iT 

0) 

• 

OJ 

s 

.S 

a 

a 

3 

fe 

tS 

cc 

o 

t-H 


-i 

-i     (^ 

.^ 

o    . 

0  .  0 

0      . 

ai  r-l 

1 

"72 

1 

5  a 

3  g 

S  a 

.^  q; 

.«  a)  a   I 

.^    Q 

a 

a    h^ 

a 

a 
o   . 

U5 

•a 

a        •    • 
0    ."So 

"3  0  ,^   • 

0   I  oo 

1 

1 

Oin    1    1 

.2  L  1   1 

1 

1 

<i)   1    ' 

■^l 

a 

;^ 

-   '-§  =^ 

l^nt; 

S  >5 

-•S  S 
o  o 

cS 

sail 

0  0  a* -2 

•FN    0    C8    t- 

s 

■s^s  a  0 

g3i.2 

Cm 

SM 

Ph    isa 

0     CM 

60 

60 

60 

7« 

1^^- 

7«o- 

1  -a 

ITS 

lO 

1  ■a'=o 

1  ■a'^'o 

-  » 

1 

1 

.  0)    1    1 

-oil 

^  o 

1 

1 

■a  2  '    1 

*  u    1     1 

«  □ 

X  a    -  . 

to  a  -  - 

:c  a 

a 

a 

s  «-a  a 

;S  C8J3  p 

B0!> 
PT3 

£ 

a 

Mi-.2ts 

60  >  .2  -S 

W<1 

^A 

H<5     iJ 

H<1       J 

7I 

"=■  g 

0   1 

1  0 

'  0 

1  "5 

*  a> 

^  y 

60  60 

M_ 

60-; 

P  _ 

a  eg    , 

•s  g 

U5 

■vs^ 

ajii 

1 

s>  P   1 

3-3 

0  *j 

1 

V  0   t 

0   03 

a  >. 

S  S  m 

5  600 

'Sba 

'mSH  d 

60<U    1 

a  a 

u^  — 

a  S  1 

H<1 

HO 

h5 

00 -i 

00  "^ 

00  -i 

1  " 

1   " 

1       " 

1     OQ 

1   m 

L°° 

t>a 

>. 

t^ 

60>,'« 

60>>>» 

60>s'"    . 

0  I" 

1 

0   !-     1 

0   '"     1 

'-  a 

1 

—   C3 

■-5  C8 

2  a 

2  =    - 

0  a    . 

a~ 

0  a> 

□ 

lis 

lis 

a  0 

c; 

a  <»  ® 

a  (u  u 

H> 

W> 

H> 

m  0 
0  > 

.a 

•a 

a> 

IS   ei 

g: 

p 

>>-2 

00 

0 
1 

-g«    ■«• 

a 

.a  a 

1 

1 

0    1    -—^ 

a     0 

P-g 

1 

5^ 

i*  L>: 

S     1 

"3  ^ 

2 

g 

■^  s  a  . 

I3> 

0 

>. 

0 

a 

g  £  0  >> 

a  a  n  Sf 

i  .1 

a -a 
a,  2 

"5 
a 

0 

3-S  P2 
>  5j.3  0 

tooo  0 
OJ    I    0 

jg  03 

ci 

00 

T3«   00  0 

.a    1    a) 

0 

<^ 

-<      <1C! 

^.      C!3 

0 

2 

. 

a 

S 

1 

a 

a 

60 

60 

"3 

0 

0 

ft 

"S. 

>> 

>i 

>> 

A 

3 

s 

*^«; 

•  1 

>.  . 

>.  . 

>.  1 

BOO 

eoo 

a_r 

a  1 

"  1 

0:   C3 

-*-> 

*•* 

0" 

0  ' 

0  ' 

(Q 

P3 

CQ 

13 

.2  p  g  p 

«  ts  '^  0!    , 

'-    _>!-.    MO 

^  a  0  <»  1 
a>  .2  ^  °   1 

g.S 

a^  L 

0  —  a> 

a  c3  j- 

gss 

0?    1 

"al 

^' 

1-  Q.  0  y  01 

C3     ^ 

:S  60 

2^ala 

sit 

n— 1 

a>  .S ."  J.  .S 

D   P<03 

H 

pR 

153 

u 

<D 

9) 

a 

^ 

0 

a 

03 

^ 

00 

1899.] 


PUBLIC  DOCUMENT  — No.  31. 


27 


SHORT  WINTER  COURSES. 

[All  courses  optional.] 

Agriculture. 


I,     General  Agriculture. 

//.    Animal  Husbandry. 

1. 

Soils  and  operations  upon  them 

1. 

Introduction,    .        . 

1 

drainage,  irrigation,  etc.,    . 

10 

2. 

Location  and  soil,    . 

2 

2. 

Farm  implements  and  machinery 

5 

3. 

Building, 

4 

3. 

Manures  and  fertilizers, . 

10 

4. 

Breeds  of  cattle,*     . 

10 

4. 

Crops  of  the  farm,  characteristics 

5. 

Breeds  of  horses,     . 

6 

management,  etc., 

10 

6. 

Grain  and  fodder  crops,* 

11 

5. 

Crop  rotation 

2 

7. 

Foods  and  feeding,* 

11 

6. 

Farm  book-keeping. 

5 

8. 

Extra, 

19 

7. 

Agricultural  economics, . 

11 

Total  hours, 

64 

8, 

Farm,  dairy  and  poultry  manage 
ment, 

Total  hours,      . 

11 

64 

*  With  dairy  eourse. 

DAiRYmc. 


///.    Lectures  and  Class-room  Work. 

1.  The  soil  and  crops, 

2.  The  dairy  breeds  and  cattle  breed- 

ing  • 

3.  Stable  construction  and  sanitation, 

care  of  cattle, 

4.  Common  diseases  of  stock,  their 

prevention  and  treatment,  . 

5.  Foods  and  feeding,  . 

6.  Book-keeping  for  the  dairy  farm 

and  butter  factory, 

7.  Pasteurization  and  preparation  of 

milk    on   physicians'    prescrip- 
tions  


11 


10. 
11. 


III.    Lectures,  etc.  —  Concluded. 

Composition  and  physical  pecul- 
iarities of  milk;  conditions 
which  effect  creaming,  churn- 
ing, methods  of  testing  and 
preservation 

Milk  testing, 

Butter  making,       .... 

Practice  in  aeration,  pasteuriza- 
tion,      

Total  hours,      .... 


12 


156 


Horticulture. 


IV.    Fruit  Culture. 

F.    i^toncM  tore  — Concluded. 

1. 

Introduction, 

1 

5. 

Insects    and    fungi  which   attack 

2. 

Propagation  of  fruit  trees  by  seed. 

greenhouse  plants, 

2 

budding,  grafting,  forming  the 

Total  hours 

head,  digging,  planting,  pruning, 

3. 

training,  cultivation,  etc.,    . 
Insects  and  fungous  diseases. 

28 
3 

1. 

VI.    Market  Gardening. 
Introduction,    equipment,     tools, 

Total  hours 

32 

manures,  fertilizers,  etc.,    . 

3 

Y.    Floriculture. 

2. 

Greenhouse  construction  and  heat- 
ing,         

6 

1. 

Greenhouse  construction  and  heat- 

3. 

Forcing  vegetables  under  glass,     . 

3 

ing,        

6 

4. 

Seed  growing  by  the  market  gar- 

2. 

Propagation    of    greenhouse   and 

dener 

3 

other  plants  by  seed,  cuttings. 

5. 

Special  treatment  required  by  each 

grafting,  etc 

3 

crop,      

10 

3. 

Cultivation    of     rose,    carnation, 
chrysanthemum  and  orchids, 

12 

6. 

Insects  and  fungi,  with  remedies,  . 

2 

4. 

Propagation    and  care    of   green- 
house and  bedding  plants,  . 

10 

Total  hours,      .... 

27 

28 
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Botany. 


VII.    Lectures  on  Injurious  Fungi  of  the 

Farm,    Garden,     Ch'eenhouse,  Or- 
chard and  Vineyard. 

Introduction, 2 

Nature  and  structure  of  rusts,        .  4 

Nature  and  structure  of  smuts,     .  4 

Nature  and  structure  of  mildews,  4 

Nature  and  structure  of  rots,         .  4 

Beneficial  fungi  of  roots,        .        .  2 

Edible  mushrooms,          ...  2 


Total  hours, 


22 


VIII.    Lectures    and    Demonstrations  on 
"  How  Plants  Grow." 

1.  Introduction, 1 

2.  The  parts  of  a  plant,     ...  1 

3.  Structure  of  the  cell  and  plant  in 

general, 3 

4.  Functions  of  root,  stem  and  leaves,  3 

5.  Food  of  plant  obtained  from  air, .  3 

6.  Food  of  plant  obtained  from  soil,  3 

7.  Transference  and  elaboration  of 

food, 2 

8.  Growth  of  plants 2 

9.  Effects  of   light,  moisture,  heat 

and  cold 2 

10.  Root  tubercles  on  pea  and  clover,  1 

11.  Cross  fertilization  of  flowers,       .  1 

Total  hours,      ....  22 


Chemistry. 


IX.     General  Agricultural  Chemistry. 

X.     Chemistry  of  the  Dairy. 

1. 

Introduction 

2 

1. 

Introduction, 

2 

2. 

The  fourteen  elements  of  agricult 

2. 

The  fourteen  elements  of  agricult- 

ural chemistry,     . 

1 

ural  chemistry 

14 

3. 

Rocks  and  soils. 

8 

3. 

The  physical  properties  of  milk,   . 

13 

4. 

The  atmosphere, 

7 

4. 

Analysis  of  milk,  butter,  cheese 

5. 

The  chemistry  of  crop-growing, 

8 

and  other  dairy  products,  . 

13 

6. 

Fertilizers 

8 

5. 

Chemistry  of  the  manufacture  of 

7. 

Animal  chemistry,  . 

8 

dairy  products 

13 

Total  hours. 

55 

Total  hours 

55 

Zoology. 


XI.    Animal  Life  on  the  Farm. 
Total  hours,      .... 

22 

XII. 

Insect    Friends    and    Foes    of    the 
Farmers. 
Total  hours 33 
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AGRICULTURE. 

(a)  The  origin  and  formation  of  soils,  their  physical  properties 
and  how  to  improve  them  ;  (&)  tillage,  subsoiling,  drainage  and 
irrigation ;  (c)  use  of  fertilizers  and  manures  ;  (d)  farm  imple- 
ments and  plans  of  farm  buildings ;  (e)  animal  husbandry,  breeds, 
stock  breeding  and  feeding.  As  aids  to  practical  instruction, 
there  are  models  of  the  domestic  animals ;  a  farm  of  four  hun- 
dred acres  ;  a  barn  with  one  hundred  head  of  stock,  types  of  the 
leading  breeds,  and  a  complete  dairy  outfit,  where  the  operations 
of  pasteurizing  milk  and  cream,  butter  making,  milk  testing  and 
separation  of  cream  are  carried  on. 


BOTANY. 

The  course  in  botany  commences  with  the  study  of  the  simpler 
features  connected  with  the  plant,  and  it  is  pursued  in  the  follow- 
ing order :  (a)  structural  botany  (morphology  and  anatomy)  ; 
(b)  systematic  botany  and  flower  analysis  (taxonomy  and  classifi- 
cation) ;  (c)  study  of  useful  plants  (economic  botany) ,  including 
grasses,  trees,  shrubs,  etc.  ;  (d)  study  of  the  function  (physi- 
ology) and  minute  structure  (histology)  of  a  few  typical  plants. 
The  following  course  is  elective  :  (e)  cryptogamic  botany,  with 
special  reference  to  plant  diseases  (plant  pathology)  ;  (/)  physi- 
ological botany,  or  study  of  the  more  complicated  plant  functions. 

Besides  the  above  course,  there  is  one  outlined  for  post-gradu- 
ate students,  which,  besides  containing  more  or  less  general  botany, 
is  devoted  to  vegetable  physiology  and  vegetable  pathology. 

Throughout  all  of  the  courses  "  laboratory  methods "  prevail, 
which  are  supplemented  by  lectures  and  text-books.  For  practical 
work  there  is  a  laboratory  abundantly  supplied  with  dissecting  and 
compound  microscopes,  microtomes,  histological  reagents,  and 
numerous  appliances  for  illustration  and  investigation  of  the 
phenomena  of  plant  life. 


CHEMISTRY. 

The  chemical  department  teaches  the  composition,  the  value  and 
the  uses  of  all  products  of  nature  and  of  art.  This  study  is  an 
essential  part  of  the  training  of  the  farmer,  the  manufacturer,  the 
business  man,  the  physician  and  the  advanced  student  of  any 
subject,  for  it  deals  with  the  ultimate  character  of  all  kinds  of 
matter. 
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The  special  fields  of  study  are  mineral  and  organic,  the  latter 
including  vegetable  and  animal  matter.  Each  of  these  is  studied 
by  analysis  and  synthesis  both  qualitative  and  quantitative.  There 
are  three  laboratories  to  suit  the  varying  wants  of  the  students. 


Chemical  Instruction. 


Domains. 


Mineral. 
Organic,        \ 


vegetable, 
animal. 


I     a> 

!1     ! 


Analysis, 
Synthesis, 


Methods. 

(  qualitative. 
(  quantitative. 
(  qualitative. 
(  quantitative. 


ENGLISH. 

The  aim  of  this  department  is  to  secure :  (a)  ability  to  give 
oral  and  written  expression  of  thought  in  correct,  effective  Eng- 
lish ;  (&)  ability  to  present  in  logical  form  oral  and  written  argu- 
ments on  questions  assigned  for  debate ;  (c)  acquaintance  with 
the  masterpieces  of  English  literature.  These  are  secured  by 
constant  practice  in  writing  and  speaking,  by  the  study  of  rhetoric 
and  American  literature  in  freshman  and  sophomore  years,  and 
by  the  study  of  English  literature  and  the  principles  of  argumen- 
tation in  junior  and  senior  years.  Instruction  is  given  partly  by 
text-book  and  partly  by  lecture.  The  course  in  rhetoric  consists 
of  a  study  of  the  choice  of  words,  the  theory  of  phraseology,  spe- 
cial objects  in  style,  the  sentence,  the  paragraph,  the  whole  com- 
position as  regards  plan,  arrangement  and  parts.  This  is  followed 
by  a  series  of  lectures  on  invention,  in  which  the  different  elements 
and  underlying  principles  of  literature  are  discussed.  The  work 
in  American  literature  is  carried  on  partly  by  text-book  and  partly 
by  lecture. 

During  the  junior  year  the  history  of  English  literature  is 
studied,  and  the  class  is  introduced  to  the  writings  of  a  few  of  the 
principal  authors.  A  distinction  is  made  between  the  history  of 
literature  and  literature  itself,  and  an  attempt  is  made  to  become 
acquainted  with  an  author  through  his  writings.  This  work  is 
continued  through  the  senior  year,  with  a  more  particular  study  of 
the  principles  of  literary  criticism  as  illustrated  in  literature. 
During  the  senior  year  the  principles  of  argumentation  also  are 
studied,  and  their  practical  illustration  is  secured  by  oral  debate 
and  written  briefs  and  forensics. 
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HORTICULTURE. 

Instruction  is  given  in :  (a)  fruit  culture ;  (6)  market  garden- 
ing ;  (c)  floriculture ;  (d)  forestry.  For  practical  work  there  are 
extensive,  well-stocked  orchards,  nurseries  and  greenhouses,  where 
the  production  of  fruit,  market-garden  and  greenhouse  crops  is 
constantly  carried  on. 

MATHEMATICS  AND  ENGINEERING, 
(a)  Pure  mathematics  ;  (6)  physics  ;  (c)  drawing ;  (d)  engi- 
neering. The  department  is  well  supplied  with  the  necessary 
instruments  for  surveying  and  engineering,  and  practical  work  in 
the  field  is  required.  A  laboratory  for  physics  has  recently  been 
opened,  where  the  student  can  solve  for  himself  problems  in 
mechanics,  electricity,  light  and  sound.  The  senior  engineering 
option  is  designed  to  give  to  the  student  the  necessary  engineering 
training  to  enable  him  to  take  up  and  apply,  on  the  lines  of  land- 
scape engineering  and  the  development  of  property,  his  knowl- 
edge of  landscape  gardening,  agriculture,  forestry,  botany  and 
horticulture.  It  embraces  a  course  of  lectures,  recitations  and 
field  work  on  the  following  subjects  :  topography,  railroad  curves, 
earth  work,  construction  and  maintenance  of  roads,  water  works 
and  sewerage  systems,  elementary  structures,  elementary  mechan- 
ism, etc. 

MILITARY. 

This  was  established  by  act  of  Congress,  and  all  students,  un- 
less physically  disabled,  are  required  to  attend  its  exercises.  Its 
object  is  threefold  :  first,  the  dissemination  of  military  knowledge 
throughout  the  country  ;  second,  physical  exercise  and  muscular 
training  ;  and  third,  to  inculcate  respect  and  obedience  to  those  in 
authority.  There  are  three  hours'  drill  per  week  for  the  whole 
college,  one  hour  recitation  for  the  senior  class  and  a  weekly  in- 
spection of  the  rooms  in  the  dormitory. 


POLITICAL  SCIENCE. 
To  make  a  good  citizen  and  a  successful  man  of  business  is  the 
aim  of  this  department.  To  realize  this  aim  the  course  of  instruc- 
tion covers :  (a)  principles  of  political  economy ;  (6)  industrial 
history  of  England  and  America ;  (c)  discussion  of  economic 
problems ;   (d)  study  of  the  science  of  government. 
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VETERINARY. 

To  give  a  general  idea  of  the  principles  of  veterinary  science 
in  such  simple  and  comprehensive  manner  as  to  enable  any  person 
to  give  animals  under  his  supervision  the  treatment  that  will  tend 
to  prevent  the  occurrence  of  disease  among  them,  is  the  aim  of 
the  course  of  study  in  this  department,  (a)  The  hygiene  of  the 
stable  ;  (&)  the  anatomy  and  physiology  of  the  circulatory,  res- 
piratory and  digestive  systems ;  (c)  a  study  of  the  common 
diseased  processes  and  the  causes,  symptoms  and  effects  of  dis- 
ease ;  (d)  the  nature,  action  and  uses  of  different  drugs.  This 
study  is  elective. 

ZOOLOGY. 

Physiology.  —  This  course  is  offered  to  the  sophomore  class  dur- 
ing the  winter  term,  and  extends  throughout  the  entire  eleven 
weeks,  four  hours  a  week.  It  is  taught  by  means  of  a  text-book, 
Martin's  "  The  Human  Body"  (advanced  course),  supplemented 
by  lectures  and  demonstrations  on  the  skeleton  and  models.  The 
aim  is  to  give,  as  thoroughly  as  may  be,  a  knowledge  of  the  anat- 
omy of  the  human  system,  the  physiology  of  its  various  parts,  a 
general  idea  of  hygiene,  and  to  urge  upon  the  student  the  prac- 
tice of  its  teachings.  The  course  presupposes  an  elementary 
knowledge  of  the  subject,  so  that  the  result,  aside  from  its  own 
worth,  forms  a  valuable  aid  to  the  study  of  zoology  which  follows. 

Zoology.  —  Zoology  is  a  required  subject,  junior  year,  and  may 
be  divided  into  three  parts  ;  a  laboratory  course  in  comparative 
anatomy,  a  lecture  course  in  general  zoology  and  a  course  in 
elementary  entomology.  During  the  fall  term,  eight  hours  a  week 
for  sixteen  weeks  are  spent,  mainly  in  the  laboratory,  where  a 
series  of  typical  forms,  ranging  from  the  amoeba,  and  other  micro- 
scopic animals,  through  the  earthworm,  clam,  squid,  lobster,  star- 
fish, sea-urchin,  shark,  frog  and  pigeon  to  the  cat,  are  dissected, 
studied  and  drawn.  Previous  to  the  dissection  of  any  form  a 
short  lecture  is  given,  which,  supplemented  by  a  full  list  of  labora- 
tory guides  and  other  text-books,  gives  the  student  a  sufficient 
knowledge  to  enable  him  intelligently  to  study  the  creature  before 
him.  Each  man  provides  himself  with  a  set  of  dissecting  instru- 
ments and  note  books,  but  all  other  apparatus  and  books  are 
owned  by  the  laboratory.  During  the  winter  term  a  series  of 
thirty  lectures  is  given,  covering  the  entire  subject  of  zoology, 
except  that  portion  having  reference  to  the  insects,  which,  because 
of  their  importance,  are  treated  in  a  separate  science.     The  aim 
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here  is  to  supplement  and  render  orderly  the  knowledge  already 
gained  through  the  medium  of  the  microscope  and  scalpel,  and  the 
lectures  are  abundantly  illustrated  by  the  very  complete  museum 
belonging  to  the  department  and  containing  over  twelve  thousand 
specimens.  Collateral  reading  is  encouraged,  and  occasional 
quizzes  are  given,  as  a  test  of  a  student's  knowledge  from  all 
sources. 

Entomology.  —  A  course  of  six  hours  a,  week  is  offered  in  ento- 
mology, during  the  summer  term,  its  aim  being  to  give  a  general 
knowledge  of  insect  anatomy  and  physiology  and  a  systematic 
review  of  the  entire  group,  taking  as  types,  as  far  as  possible, 
those  forms  of  economic  interest  to  man,  and  at  the  same  time 
giving  an  idea  of  the  life  history  of  each  species  so  taken  and  the 
means  of  combating  it.  A  knowledge  of  insecticides  and  insecti- 
cide machinery  and  their  use  is  given.  An  interesting  feature  of 
the  course  is  the  collection  which  each  student  makes  and  arranges 
of  the  more  common  species  which  may  be  found  on  the  college 
grounds  and  the  nearby  region.  A  very  full  museum  collection 
serves  as  an  aid  to  identification  and  arrano-ement. 


GEADUATE  COURSE. 

1.  Honorary  degrees  will  not  be  conferred. 

2.  Applicants  will  not  be  eligible  to  the  degree  of  M.S.  until 
they  have  received  the  degree  of  B.Sc.  or  its  equivalent. 

3.  The  faculty  shall  offer  a  course  of  study  in  each  of  the 
following  subjects  :  mathematics  and  physics  ;  chemistry  ;  agricult- 
ure ;  botany ;  horticulture  ;  entomology ;  veterinary.  Upon  the 
satisfactory  completion  of  any  two  of  these  the  applicant  shall 
receive  the  degree  of  M.S.  This  prescribed  work  may  be  done  at 
the  Massachusetts  Agricultural  College  or  at  any  institution  which 
the  applicant  may  choose ;  but  in  either  case  the  degree  shall  be 
conferred  only  after  the  applicant  has  passed  an  examination  at 
the  college  under  such  rules  and  regulations  as  may  be  prescribed. 

4.  The  degree  of  Doctor  of  Philosophy  may  be  conferred  upon 
graduates  of  this  college  or  other  colleges  of  good  standing  who 
shall  spend  three  years  at  this  institution,  taking  chemistry,  bot- 
any and  entomology  as  their  major  and  minor  studies,  if  in  this 
time  the  amount  and  quality  of  work  done  be  satisfactory  to  the 
professors  in  charge  of  the  above-named  departments. 

5.  Every  student  in  the  graduate  course  shall  pay  twenty-five 
dollars  to  the  treasurer  of  the  college  before  receiving  the  degree 
of  M.S.  or  Ph.D. 
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TEXT-BOOKS. 

Gray  —  "  Manual."     American  Book  Company,  New  York. 

Darwin  and  Acton  —  "  Practical  Physiology  of  Plants."  University 
Press,  Cambridge. 

Strasburger  —  "Practical  Botany."  Swan,  Sonnenschein  &  Co., 
London. 

SORAUER  —  "Physiology  of  Plants"  Longmans,  Green  &  Co.,  New 
York  and  London, 

Campbell  —  "Structural  and  Systematic  Botany."  Ginn  &  Co., 
Boston. 

Knobel — "Trees  and  Shrubs  of  New  England."  Bradlee  Whidden, 
Boston. 

Greiner  —  "How  to  make  the  Garden  Pay."  Wm.  Maule,  Phila- 
delphia. 

Long  —  "  Ornamental  Gardening  for  Americans."  Orange  Judd  Com- 
pany, New  York. 

Taft  — "  Greenhouse  Construction."  Orange  Judd  Company,  New 
York. 

Taft — "Greenhouse  Management."  Orange  Judd  Company,  New 
York. 

Weed  —  "Insects  and  Insecticides."  Orange  Judd  Company,  New 
York. 

Weed  —  "Fungi  and  Fungicides."  Orange  Judd  Company,  New 
York. 

Fuller  —  "  Practical  Forestry."    Orange  Judd  Company,  New  York. 

Maynard  —  "  Practical  Fruit  Grower."  Orange  Judd  Company,  New 
York. 

McAlpine  —  "How  to  know  Grasses  by  their  Leaves."  David 
Douglas,  Edinburgh. 

Lodeman  —  "  The  Spraying  of  Crops."    Macmillan  &  Co.,  New  York. 

Saunders  —  "  Insects  injurious  to  Fruits."  Lippincott  &  Co.,  Phila- 
delphia. 

Morrow  and  Hunt  —  "Soils  and  Crops."  Howard  &  Wilson  Pub- 
lishing Company. 

Airman  —  "  Manures  and  the  Principles  of  Manuring."  Wm.  Black- 
wood &  Son,  Edinburgh. 

M^LES  —  "  Stock  Breeding."    D.  Appleton  &  Co.,  New  York. 

Curtis  —  "  Horses,  Cattle,  Sheep  and  Swine."  Orange  Judd  Com- 
pany, New  York. 

Farkington  and  Woll  —  "  Testing  Milk  and  its  Products."  Mendota 
Book  Company,  Madison,  Wis. 

Henry  —  "  Feeds  and  Feeding."     W.  A.  Henry,  Madison,  Wis. 

Wing  —  "  Milk  and  its  Products."    Macmillan  &  Co.,  New  York. 

Von  Richter  —  "  A  Text-book  of  Inorganic  Chemistry."  P.  Bhikis- 
ton,  Son  &  Co.,  Philadelphia, 

MiJTER  —  "Analytical  Chemistry."  P.  Blakiston,  Son  &  Co.,  Phila- 
delphia. 
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RoscoE — "Lessons  in  Elementary  Chemistry."  Maemillan  &  Co., 
New  York. 

Bernthsen  and  McGowan  —  "Text-book  of  Organic  Chemistry." 
Blackie  &  Son,  London. 

Reynolds — "Experimental  Chemistiy."  Longmans,  Green  &  Co., 
New  York  and  London. 

Sutton  —  "Volumetric  Analysis."     J.  &  A.  Chm'chill,  London. 

Dana  — "  Manual  of  Determinative  Mineralogy."  John  Wiley  & 
Sons,  New  York. 

Dana  — "  A  Text-book  of  Elementaiy  Mechanics  for  the  Use  of  Col- 
leges and  Schools."    John  Wiley  &  Sons,  New  York. 

Gage  —  "The  Principles  of  Physics."    Ginn  &  Co.,  Boston. 

Faunce  —  "  Mechanical  Drawing."     Linus  Faunce,  Boston. 

Wells  —  "College  Algebra."    Leach,  Shewell  &  Sanborn,  Boston. 

Meservey  —  "  Meservey's  Book-keeping,  Single  and  Double  Entry." 
Thompson,  Brown  &  Co.,  Boston. 

Wells  —  "Essentials  of  Trigonometry."  Leach,  Shewell  &  Sanborn, 
Boston. 

Gillespie  —  "A  Manual  of  the  Principles  and  Practice  of  Road 
Making."    A.  S.  Barnes  &  Co.,  New  York. 

Merriman  —  "A  Treatise  on  Hydraulics."  John  Wiley  &  Sons, 
New  York. 

Miller  —  "A  Treatise  on  Plane  and  Spherical  Trigonometry."  Leach, 
Shewell  &  Sanborn,  Boston. 

Raymond  —  "A  Text-book  on  Plane  Surveying."  American  Book 
Company,  New  York. 

Wentworth  —  "Elements  of  Analytic  Geometry."  Ginn  &  Co., 
Boston. 

Osborne  — "  An  Elementary  Treatise  on  the  Differential  and  Integral 
Calculus."    Leach,  Shewell  &  Sanborn,  Boston. 

Merriman  —  "A  Text-book  on  Roofs  and  Bridges."  John  Wiley  & 
Sons,  New  York. 

Young  —  "A  Text-book  of  General  Astronomy."     Ginn  &  Co.,  Boston. 

Philips  and  Fisher  —  "  Elements  of  Geometry."  Harper  &  Brothers, 
New  York. 

Merriman  —  "Elements  of  Sanitary  Engineering."  John  Wiley  & 
Sons,  New  York. 

Martin  —  "  The  Human  Body  "  (advanced  course) .  Henry  Holt  & 
Co.,  New  York.  , 

Walker —"  Political  Economy"  (briefer  course).  Henry  Holt  & 
Co.,  New  York. 

GiBBiNS  —  "The  Industrial  History  of  England."  Methuen  &  Co., 
London. 

Wilson  —  "  The  State."     D.  C.  Heath  &  Co.,  Boston. 

FiELDEN  —  "A  Short  Constitutional  History  of  England."  Ginn  & 
Co.,  Boston. 

Genung  —  "Outlines  of  Rhetoric."     Ginn  &  Co.,  Boston. 

Wentvtorth  —  "  Irving's  Sketch  Book."     Allyn  &  Bacon,  Boston. 

Longfellow  —  "  Poems."    Houghton,  Mifflin  &  Co.,  Boston. 
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Pattee  —  "A  History  of  American  Literature."  Silver,  Burdett  & 
Co.,  Boston. 

Pancoast  —  "Representative  English  Literature."  Henry  Holt  & 
Co.,  New  York. 

Corson  —  "  Selections  from  Chaucer's  Canterbury  Tales."  The  Mac- 
millan  Company,  New  York, 

ROLFE  —  "  English  Classics."     Harper  &  Brothers,  New  York. 

"  Standard  English  Classics  "     Ginn  &  Co.,  Boston. 

Macew AN  — "Essentials  of  Argumentation."  D,  C.  Heath  &  Co., 
Boston. 

Whitney  —  "  French  Grammar."     Henry  Holt  &  Co.,  New  York. 

Hodges  —  "  Course  in  Scientific  German."    D.  C.  Heath  &  Co,,  Boston. 

Joynes-Meissner  —  "German  Grammar."  D.  C.  Heath  &  Co, 
Boston. 

Pettit  —  "Elements  of  Military  Science."  The  Tuttle,  Morehouse 
&  Taylor  Press,  New  Haven,  Conn. 

"Infantry  Drill  Regulations."    Army  and  Navy  Journal,  New  York. 

To  give  not  only  a  practical  but  a  liberal  education  is  the  aim  in 
each  department,  and  the  several  courses  have  been  so  arranged  as 
to  best  subserve  that  end.  Exercises  in  composition  and  declama- 
tion are  held  throughout  the  course.  The  instruction  in  agriculture 
and  horticulture  is  both  theoretical  and  practical,  the  lessons  of 
the  recitation  room  being  practically  enforced  in  the  garden  and 
field.  Students  are  allowed  to  work  for  wages  during  such  leisure 
hours  as  are  at  their  disposal.  Under  the  act  by  which  the  college 
was  founded,  instruction  in  military  tactics  is  imperative,  and  each 
student,  unless  physically  debarred,*  is  required  to  attend  such 
exercises  as  are  prescribed,  under  the  direction  of  a  regular  army 
officer  stationed  at  the  college. 


FOUR-YEARS   COURSE. 

Admission. 
Candidates  for  admission  to  the  freshman  class  will  be  examined 
orally  and  in  writing  upon  the  following  subjects  :  English  gram- 
mar, geography,  United  States  history,  physiology  (Martin's  "  The 
Human  Body,"  briefer  course),  physical  geography  (Guyot's 
"Physical  Geography"  or  its  equivalent),  arithmetic,  the  metric 
system,  algebra  (through  quadratics),  geometry  (two  books)  and 
civil  government  (Mowry's  "  Studies  in  Civil  Government"). 
The  standard  required  is  6.5  per  cent,  on  each  paper.  Examina- 
tions in  the  following  subjects  may  be  taken  a  year  before  the 

*  Certificates  of  disability  must  be  procured  of  Dr.  Herbert  B.  Perry  of  Amherst. 
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candidate  expects  to  enter  college  :  English  grammar,  geography, 
United  States  history,  physical  geography  and  physiology.  Satis- 
fadtory  examination  in  a  substantial  part  of  the  subjects  offered 
will  be  required,  that  the  applicant  may  have  credit  for  this  pre- 
liminary examination. 

Candidates  for  higher  standing  are  examined  as  above,  and  also 
in  the  studies  gone  over  by  the  class  to  which  they  desire  admis- 
sion. 

No  one  can  be  admitted  to  the  college  until  he  is  sixteen  years 
of  age.  The  regular  examinations  for  admission  are  held  at  the 
Botanic  Museum,  at  9  o'clock  a.m.,  on  Thursday  and  Friday, 
June  22  and  23,  and  on  Tuesday  and  Wednesday,  September  5 
and  6  ;  but  candidates  may  be  examined  and  admitted  at  any  other 
time  in  the  year.  For  the  accommodation  of  those  living  in  the 
eastern  part  of  the  State,  examinations  will  also  be  held  at  9  o'clock 
A.M.,  on  Thursday  aud  Friday,  June  22  and  23,  at  Jacob  Sleeper 
Hall,  Boston  University,  12  Somerset  Street,  Boston  ;  and  for  the 
accommodation  of  those  in  the  western  part  of  the  State,  at  the 
same  date  and  time,  at  the  Sedgwick  Institute,  Great  Barrington, 
by  James  Bird.  Two  full  days  are  required  for  examination,  and 
candidates  must  come  prepared  to  stay  that  length  of  time. 


WINTER  COURSES. 
For  these  short  winter  courses  examinations  are  not  required. 
They  commence  the  first  Wednesday  in  January  and  end  the  third 
Wednesday  in  March.  Candidates  must  be  at  least  sixteen  years 
of  age.  The  doors  of  the  college  are  opened  to  applicants  from 
both  sexes.  The  same  privileges  in  regard  to  room  and  board  will 
obtain  as  with  other  students.  Attendance  upon  general  exercises 
is  required.  The  usual  fees  for  apparatus  and  material  used  in 
laboratory  work  will  be  required.  Attendance  upon  military  drill 
is  not  expected. 

ENTRANCE  EXAMINATION  PAPERS  USED  IN  1898. 
The  standard  required  is  65  per  cent,  on  each  paper. 

Arithmetic  and  Metric  System. 

1.  Find  the  greatest  common  divisor  of  72,  126,  216. 

2.  Find  the  least  common  multiple  of  21,  30,  44,  126, 

Q3.  42 

3.  From  -^^  take  s^- 

4.  Divide  .09936  by  .276. 
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5.  What  is  the  interest  on  $1,560  for  45  days,  at  7  per  cent.? 
(Use  365  days  to  the  year.) 

6.  What  was  the  cost  of  wheat,  sold  at  $1.50  per  bushel,"  if 
the  gain  was  25  per  cent,  of  the  cost? 

7.  In  a  board  6m.  long  and  .3m.  wide,  how  many  square  deci- 
meters ? 

8.  A  platform  sustains  a  weight  of  50  lbs.  per  square  foot. 
What  is  the  weight  in  grams  per  square  centimeter  ? 

Algebra. 

1.  Find  the  greatest  common  divisor  and  the  least  common 
multiple  of  12aj2-l-29x4-14  and  18a^  —  Sec  —  10. 

2.  Reduce  to  lowest  terms  -^ j* 

x^  —  2/ 

3.  Prove  that  a°  =  1;  and  also  express  with  positive  exponents 


(^r 


4.     V2iK-|-ll  =  V5~  Solve  for  x. 
V2+I        V2^  1 


V2-I        V2  +  I 
nominator. 


=  ?     Express  result  with  rational  de- 


r  a^3_i_y3__4.()7  ^ 

6.     <      ,  ,,       >.     Solve  for  ic  and  2/. 

lx-\-y=n      5 


Geometry. 

1.  Define  a  plane,  a  proposition,  a  corollary,  a  circle,  a  seg- 
ment. 

2.  Prove  that  two  triangles  are  equal  when  three  sides  of  one 
equal  three  sides  of  the  other. 

3.  Prove  that  in  any  triangle  the  greater  angle  lies  opposite  the 
greater  side. 

4.  Prove  that  the  angle  between  a  tangent  and  a  chord  is  meas-. 
ured  by  one-half  the  intercepted  arc. 

5.  Construct  a  tangent  to  a  circle  from  a  given  point  without 
the  circle.     Explain  construction  fully. 

United  States  History. 
1.     In  the  early  settlement  of  North  America,  what  parts  were 
played  by  the  following  nations:   (a)  Spain,  (6)  France,  (c)  Eng- 
land? 
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2.  Contrast  the  colony  of  Virginia  with  that  of  Massachusetts, 
according  to  the  following  outline  :  — 

(a)  Purpose  of  settlement  of  each. 

(&)  Class  of  people  in  each. 

(c)  Education  and  religion  in  each. 

3.  Name  the  wars  that  have  been  fought  by  the  United  States, 
and  describe  any  one  of  them. 

4.  Name  four  great  orators  in  our  history,  and  write  briefly 
upon  any  one  of  them. 

5.  The  chief  events  of  the  following  administrations :  (a) 
Washington's,  (&)  Madison's,  (c)  Jackson's,  (d)  Polk's,  (e)  Lin- 
coln's, (/)  Johnson's,  (g)  Cleveland's  second. 

6.  What  part  has  compromise  played  in  our  history? 

GrEOGRAPHT. 

1.  Name  and  describe  briefly  the  continents. 

Note  —  Do  not  include  Australia  in  answering. 

2.  Name  and  describe  two  rivers  in  each  continent. 

3.  (a)  Describe  the  British  Isles. 

(b)  Name  the  principal  British  possessions  in  the  world. 

4.  Describe  any  journey  round  the  world,  not  entirely  by 
water. 

5.  Locate  ten  large  cities  of  the  United  States. 

6.  Contrast  North  America  with  South  America  with  respect 
to  the  classes  of  people  living  in  each. 

7.  Locate :  (a)  Budapest,  (&)  Bagdad,  (c)  Bermudas,  (d) 
Jamaica,  (e)  Berlin,  (/)  Munich,  (g)  Geneva,  (7i)  Montevideo, 
(i)  Manila,  (j)  Rotterdam. 

Physical  Geography. 

1 .  What  is  the  earth  ?  What  is  its  general  shape  ?  By  what 
is  it  surrounded  ? 

2.  Define  an  earthquake.  Tell  of  the  distribution  of  earth- 
quakes. 

3.  Give  the  relative  areas  and  positions  of  the  great  land 
masses  of  the  globe. 

4.  What  is  a  plateau?  What  is  a  mountain  by  folding?  Give 
example.     What  is  a  mountain  by  fracture?     Give  example. 

5.  How  may  islands  be  classified?     Describe  each  sort. 

6.  Define  climate,  astronomical  climate  and  physical  climate. 

7.  What  is  a  tornado ?     What  is  a  water-spout? 

8.  What  are  glaciers?  How  are  they  formed?  Tell  of  their 
geographical  distribution. 
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9.  State  what  you  know  of  the  vegetation  of  different  latitudes. 

10.  Tell  of  the  geographical  distribution  of  the  different  races 
of  man. 

Civil  Government. 

1.  Write  the  name  of  the  town  or  city  in  which  you  live.  If 
you  live  in  a  town,  answer  the  following :  — 

(a)  Who  make  the  laws  for  your  town  ? 

(6)  What  is  the  title  of  the  principal  executive  officer  or  officers 
of  your  town  ? 

(c)  What  are  the  principal  items  of  your  town's  expenses? 
How  is  Mr.  Brown's  share  of  these  expenses  determined  ? 

If  you  live  in  a  city,  write  a  full  description  of  its  government, 
naming  especially  the  title  of  its  chief  executive  officer  and  of 
other  prominent  officials. 

2.  Name  the  county  in  which  you  live,  and  give  the  title  of 
your  principal  county  officials. 

3.  Who  make  the  laws  for  the  government  of  the  State  in 
which  you  live  ?  By  whom  are  these  law-makers  chosen  ?  How 
long  do  they  hold  office  ? 

4.  In  what  year  was  the  Constitution  of  the  United  States 
framed?  In  what  year  did  it  go  into  effect?  Who  was  the  first 
President,  and  where  was  he  inaugurated? 

5.  What  is  the  Congress  of  the  United  States?  Of  how  many 
bodies  does  it  consist?  How*  many  men  represent  Massachusetts 
in  these  bodies  ? 

6.  Of  how  many  members  does  the  United  States  Senate  now 
consist?  Who  is  its  presiding  officer?  Name  the  United  States 
senators  from  Massachusetts. 

7.  For  how  long  a  time  is  the  President  of  the  United  States 
chosen  ?  What  is  the  President's  Cabinet  ?  Give  title  and  name 
of  the  members  of  President  McKinley's  Cabinet. 

8.  Do  you  regard  our  form  of  government  as  superior  to  that 
of  Great  Britain?     If  you  do,  give  reasons. 

Physiology. 

1.  How  many  elements  are  found  in  the  body?  Name  the 
four  or  five  most  important. 

2.  Name  and  describe  the  four  different  sorts  of  joints  con- 
necting the  bones. 

3.  Give  a  full  anatomical  description  of  a  muscle,  such  as  the 
biceps  muscle  of  the  arm.  Describe  its  physiological  action  and 
the  effect  it  produces. 

4.  Why  is  the  human  body  warm  ?    What  keeps  it  so  ? 
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5.  Define  the  terms  digestion,  absorption,  assimilation,  respi- 
ration, circulation  and  excretion. 

6.  There  are  several  uses  of  saliva  which  may  be  classed  as 
physical  and  chemical.  Describe  them,  telling  under  which  head 
each  one  falls. 

7.  What  are  the  kidneys  ?  Locate  them,  and  give  their  func- 
tion. 

8.  What  is  meant  by  reflex  action? 

9.  How  is  voice  produced  ?     Describe  the  vocal  apparatus. 

10.  Name  the  more  harmful  stimulants  and  narcotics,  giving 
your  reasons  for  condemning  each  of  them. 

English  Gbammar  and  Composition. 

Note.  —  Spelling,  capitalization,  and  punctuation  will  be  considered  in  deter- 
mining the  excellence  of  your  paper. 

1.  Write  three  compositions,  of  at  least  two  hundred  words 
each,  upon  any  three  of  the  following  subjects  :  — 

(a)  The  War  with  Spain.  (/)  Value  of  Good  Reading. 

(b)  The  Battle  in  the  Philippines,   (g)    "Evangeline." 

(c)  Henry  W.  Longfellow.  (7i)  Why  I  come  to  College. 

(d)  "  Robinson  Crusoe."  (i)   A  Sunset  Scene. 

(e)  A  Day's  Outing.  (  /)  An  Act  of  Heroism. 

2.  Name,  define,  and  give  examples  of  the  various  kinds  of 
sentences  from  the  grammatical  point  of  view. 

3.  Correct  the  following,  stating  reasons :  — 

(a)  John  or  his  brothers  are  living  on  the  outskirts  of  the  town. 
(&)  The  colonel  with  his  staff  officers  ride  up  to  headquarters. 

(c)  Any  one  looking  for  swell  suits  can  get  in  this  store  just 
what  he  wants  to. 

(d)  When  the  emperor  entered  the  room,  he  was  much  sur- 
prised ;  and  many  new  pieces  of  furniture  were  seen. 

(e)  They  said  he  ought  to  go  ;  and  I  also  said  he  had. 


DEGREES. 

Those  who  complete  the  four-years  course  receive  the  degree  of 
Bachelor  of  Science,  the  diploma  being  signed  by  the  governor  of 
Massachusetts,  who  is  the  president  of  the  corporation. 

Regular  students  of  the  college  may  also,  on  application,  become 
members  of  Boston  University,  and  upon  graduation  receive  its 
diploma  in  addition  to  that  of  the  college,  thereby  becoming  en- 
titled to  all  the  privileges  of  its  alumni. 

Those  completing  the  prescribed  graduate  course  receive  the 
degree  of  Master  of  Science  or  Doctor  of  Philosophy. 


42  AGRICULTURAL   COLLEGE.  [Jan. 


EXPENSES. 
Tuition  in  advance  :  — 

Fall  term, 

Winter  term, 

Summer  term, 

Room  rent,  in  advance,  $8  to  |16  per  term. 
Board,  f2.50  to  $5  per  week,  . 

Fuel,  f  5  to  $15, 

Washing,  30  to  60  cents  per  week, 
Military  suit, 


ISO  00 
25  00 
25  00 


$80  00 

$80  00 

.   24  00 

48  00 

.   95  00 

190  00 

5  00 

15  00 

.   11  40 

22  80 

.   15  75 

15  75 

Expenses  per  year, $231  15  |371  55 

Board  in  clubs  has  been  about  $2.45  per  week  ;  in  private  fami- 
lies, $4  to  $5.  The  military  suit  must  be  obtained  immediately 
upon  entrance  at  college,  and  used  in  the  drill  exercises  prescribed. 
The  following  fees  will  be  charged  for  the  maintenance  of  the 
several  laboratories  :  chemical,  $10  per  term  used  ;  zoological,  $4 
per  term  used  ;  botanical,  $1  per  term  used  by  sophomore  class, 
$2  per  term  used  by  senior  class  ;  entomological,  $2  per  term 
used.  Some  expense  will  also  be  incurred  for  lights  and  text- 
books. Students  whose  homes  are  within  the  State  of  Massachu- 
setts can  in  most  cases  obtain  a  scholarship  by  applying  to  the 
senator  of  the  district  in  which  they  live. 


THE   LABOR  FUND. 

The  object  of  this  fund  is  to  assist  those  students  who  are 
dependent  either  wholly  or  in  part  on  their  own  exertions,  by  fur- 
nishing them  work  in  the  several  departments  of  the  college.  The 
greatest  opportunity  for  such  work  is  found  in  the  agricultural  and 
horticultural  departments.  Application  should  be  made  to  Profs. 
William  P.  Brooks  and  Samuel  T.  Maynard,  respectively  in  charge 
of  said  departments.  Students  desiring  to  avail  themselves  of  its 
benefits  must  bring  a  certificate  signed  by  one  of  the  selectmen  of 
the  town  in  which  they  are  resident,  certifying  to  the  fact  that  they 
require  aid. 

ROOMS. 

All  students,  except  those  living  with  parents  or  guardians,  will 
be  required  to  occupy  rooms  in  the  college  dormitories. 

For  the  information  of  those  desiring  to  carpet  their  rooms,  the 
following  measurements  are  given  :  in  the  new  south  dormitory  the 
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study  rooms  are  about  fifteen  by  fourteen  feet,  with  a  recess  seven 
feet  four  inches  by  three  feet ;  and  the  bedrooms  are  eleven  feet 
two  inches  by  eight  feet  five  inches.  This  building  is  heated  by 
steam.  In  the  north  dormitory  the  corner  rooms  are  fourteen  by 
fifteen  feet,  and  the  annexed  bedrooms  eight  by  ten  feet.  The 
inside  rooms  are  thirteen  and  one-half  by  fourteen  and  one-half 
feet,  and  the  bedrooms  eight  by  eight  feet.  A  coal  stove  is  fur- 
nished with  each  room.  Aside  from  this,  all  rooms  are  unfur- 
nished. Mr.  Thomas  Canavan  has  the  general  superintendence  of 
the  dormitories,  and  all  correspondence  relative  to  the  engaging  of 
rooms  should  be  with  him. 


SCHOLARSHIPS. 
Established  by  Private  Individuals. 

Mary  Robinson  Fund  of  one  thousand  dollars,  the  bequest  of 
Miss  Mary  Robinson  of  Medfield. 

Whiting  Street  Fund  of  one  thousand  dollars,  the  bequest  of 
"Whiting  Street,  Esq.,  of  Northampton. 

Henry  Gassett  Fund  of  one  thousand  dollars,  the  bequest  of 
Henry  Gassett,  Esq.,  of  North  Weymouth. 

The  income  of  the  above  funds  is  assigned  by  the  faculty  to 
worthy  students  requiring  aid. 

Congressional  Scholarships. 
The  trustees  voted  in  January,  1878,  to  establish  one  free 
scholarship  for  each  of  the  congressional  districts  of  the  State. 
Application  for  such  scholarships  should  be  made  to  the  repre- 
sentative from  the  district  to  which  the  applicant  belongs.  The 
selection  for  these  scholarships  will  be  determined  as  each  member 
of  Congress  may  prefer ;  but,  where  several  applications  are  sent 
in  from  the  same  district,  a  competitive  examination  would  seem 
to  be  desirable.  Applicants  should  be  good  scholars,  of  vigorous 
constitution,  and  should  enter  college  with  the  intention  of  remain- 
ing through  the  course. 

State  Scholarships. 
The  Legislature  of  1883  passed  the  following  resolve  in  favor 
of  the  Massachusetts  Agricultural  College  :  — 

Besolved,  That  there  shall  be  paid  annually,  for  the  term  of  four  years, 
from  the  treasury  of  the  Commonwealth  to  the  treasurer  of  the  Massa- 
chusetts Agricultural  College,  the  sum  of  ten  thousand  dollars,  to  enable 
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the  trustees  of  said  college  to  provide  for  the  students  of  said  institution 
the  theoretical  and  practical  education  required  by  its  chai-ter  and  the 
law  of  the  United  States  relating  thereto. 

Resolved,  That  annually,  for  the  term  of  four  years  eighty  free  scholar- 
ships be  and  hereby  are  established  at  the  Massachusetts  Agricultural 
College,  the  same  to  be  given  by  appointment  to  persons  in  this  Com- 
monwealth, after  a  competitive  examination,  under  rules  prescribed  by 
the  president  of  the  college,  at  such  time  and  place  as  the  senator  then 
in  ofS.ce  from  each  district  shall  designate ;  and  the  said  scholarships 
shall  be  assigned  equally  to  each  senatorial  district.  But,  if  there  shall 
be  less  than  two  successful  applicants  for  scholarships  from  any  sena- 
torial district,  such  scholarships  may  be  distributed  by  the  president  of 
the  college  equally  among  the  other  districts,  as  nearly  as  possible  ;  but 
no  applicant  shall  be  entitled  to  a  scholarship  unless  he  shall  pass  an 
examination  in  accordance  with  the  rules  to  be  established  as  herein- 
before provided. 

The  Legislature  of  1886  passed  the  following  resolve,  making 
perpetual  the  scholarships  established  :  — 

Resolved,  That  annually  the  scholarships  established  by  chapter  forty- 
six  of  the  resolves  of  the  year  eighteen  hundi'ed  and  eighty-three  be 
given  and  continued  in  accordance  with  the  provisions  of  said  chapter. 

In  accordance  with  these  resolves,  any  one  desiring  admission  to 
the  college  can  apply  to  the  senator  of  his  district  for  a  scholar- 
ship. Blank  forms  of  application  will  be  furnished  by  the  presi- 
dent. 


EQUIPMENT. 

Agricultural  Department. 

The  Farm.  —  Among  the  various  means  through  which  instruc- 
tion in  agriculture  is  given,  none  exceeds  in  importance  the  farm. 
The  part  which  is  directly  under  the  charge  of  the  professor  of 
agriculture  comprises  about  one  hundred  and  sixty  acres  of  im- 
proved land,  forty  acres  of  pasture  and  sixteen  acres  of  woodland. 
Of  the  improved  land,  about  thirty  acres  are  kept  permanently  in 
grass. 

The  rest  of  the  farm  is  managed  under  a  system  of  rotation,  all 
parts  being  alternately  in  grass  and  hoed  crops.  All  the  ordinaiy 
crops  of  this  section  are  grown,  and  many  not  usually  seen  upon 
Massachusetts  farms  find  a  place  here.  Our  large  stock  of  milch 
cows  is  fed  largely  in  the  barn,  and  hence  fodder  crops  occupy  a 
prominent  place.  Experiments  of  various  kinds  are  continually 
under  trial ;  and  every  plat  is  staked,  and  bears  a   label  stating 
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variety  under  cultivation,  date  of  planting,  and  manures  and  fer- 
tilizers used. 

Methods  of  land  improvement  are  constantly  illustrated  here, 
tile  drainage  especially  receiving  a  large  share  of  attention.  There 
are  now  some  nine  miles  of  tile  drains  in  successful  and  very  sat- 
isfactory operation  upon  the  farm.  Methods  of  clearing  land  of 
stumps  are  also  illustrated,  a  large  amount  of  such  work  having 
been  carried  on  during  the  last  few  years. 

In  all  the  work  of  the  farm  the  students  are  freely  employed, 
and  classes  are  frequently  taken  into  the  fields  ;  and  to  the  lessons 
to  be  derived  from  these  fields  the  students  are  constantly  referred. 

The  Barn  and  Stock.  —  Our  commodious  barns  contain  a  large 
stock  of  milch  cows,  many  of  which  are  grades  ;  but  the  following 
pure  breeds  are  represented  by  good  animals,  viz.,  Holstein- 
Friesian,  Ayrshire,  Jersey,  Guernsey  and  Shorthorn.  Experiments 
in  feeding  for  milk  and  butter  are  continually  in  progress.  We 
have  a  fine  flock  of  Southdown  sheep.  Swine  are  represented  by 
the  Chester  White,  Poland  China,  Berkshire  and  Tamworth  breeds. 
Besides  work  horses,  we  have  a  number  of  pure-bred  Percherons, 
used  for  breeding  as  well  as  for  work ;  and  a  fine  pair  of  French 
coach  horses. 

The  barn  is  a  model  of  convenience  and  labor-saving  arrange- 
ments. It  illustrates  different  methods  of  fastening  animals, 
various  styles  of  mangers,  watering  devices,  etc.  Connected  with 
it  are  commodious  storage  rooms  for  vehicles  and  machines.  It 
contains  silos  and  a  granary.  A  very  large  share  of  the  work  is 
performed  by  students,  and  whenever  points  require  illustration, 
classes  are  taken  to  it  for  that  purpose. 

Dairy  School.  —  Connecting  with  the  barn  is  a  wing  providing 
accommodation  for  practical  and  educational  work  in  dairying. 
The  wing  contains  one  room  for  heavy  dairy  machinery,  another 
for  lighter  machinery,  both  large  enough  to  accommodate  various 
styles  of  all  prominent  machines  ;  a  large  ice-house,  a  cold-storage 
room  and  a  room  for  raising  cream  by  gravity  methods,  a  class 
room  and  a  laboratory.  The  power  used  is  an  electric  motor. 
This  department  is  steam  heated  and  piped  for  hot  and  cold  water 
and  steam.  In  this  department  has  been  placed  a  full  line  of 
modern  dairy  machinery,  so  that  we  are  able  to  illustrate  all  the 
various  processes  connected  with  the  creaming  of  milk,  its  prepara- 
tion for  market  and  the  manufacture  of  butter.  Special  instruc- 
tion in  such  work  is  offered  in  the  dairy  course. 

Equipment  of  Farm.  —  Aside  from  machines  and  implements 
generally  found  upon  farms,  the  more  important  of  those  used 
upon  our  farm  and  in  our  barn  which  it  seems  desirable  to  men- 
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tion  are  the  following :  reversible  sull^y  plough,  broadcast  fertil- 
izer distributer,  manure  spreader,  grain  drill,  horse  corn  planter, 
potato  planter,  wheelbarrow  grass  seeder,  hay  loader,  potato  digger 
and  fodder  cutter  and  crusher.  It  is  our  aim  to  try  all  novelties 
as  they  come  out,  and  to  illustrate  everywhere  the  latest  and  best 
methods  of  doing  farm  work. 

Lecture  Room.  —  The  agricultural  lecture  room  in  south  college 
is  well  adapted  to  its  uses.  It  is  provided  with  numerous  charts 
and  lantern  slides,  illustrating  the  subjects  taught.  Connected 
with  it  is  a  small  room  at  present  used  for  the  storage  of  illus- 
trative material,  which  comprises  soils  in  great  variety,  all  impor- 
tant fertilizers  and  fertilizer  materials,  implements  used  in  the 
agriculture  of  our  own  and  other  countries,  and  a  collection  of 
grasses  and  forage  plants,  grains,  etc. 

A  valuable  addition  to  our  resources  consists  of  a  full  series 
of  Landsberg's  models  of  animals.  These  are  accurate  models  of 
selected  animals  of  all  the  leading  breeds  of  cattle,  horses,  sheep 
and  swine,  from  one-sixth  to  full  size,  according  to  subject.  We 
are  provided  with  a  complete  collection  of  seeds  of  all  our  common 
grasses  and  the  weeds  which  grow  in  mowings,  and  have  also 
a  large  collection  of  the  concentrated  food  stuffs.  All  these  are 
continually  used  in  illustration  of  subjects  studied. 

Museum.  —  A  beginning  has  been  made  towards  accumulating 
materials  for  an  agricultural  museum.  This  is  to  contain  the 
rocks  from  which  soils  have  been  derived,  soils,  fertilizer  materials 
and  manufactured  fertilizers,  seeds,  plants  and  their  products, 
stuffed  animals,  machines  and  implements.  It  is  expected  to 
make  this  collection  of  historical  importance  by  including  in  it  old 
types  of  machines  and  implements,  earlier  forms  of  breeds,  etc. 
For  lack  of  room  the  material  thus  far  accumulated  is  stored  in  a 
number  of  scattered  localities,  and  much  of  it  where  it  cannot  be 
satisfactorily  exhibited. 

Botanical  Department. 
Course  of  Study.  —  This  department  is  well  equipped  to  give  a 
comprehensive  course  in  most  of  the  subjects  of  botany.  The 
course  aims  to  treat  of  all  the  more  important  features  connected 
with  the  study  of  plants  which  have  a  close  bearing  upon  agri- 
culture, without  at  the  same  time  deviating  from  a  systematic  and 
logical  plan.  Throughout  the  entire  course  the  objective  methods 
of  teaching  are  followed,  and  the  student  is  constantly  furnished 
with  an  abundance  of  plant  material  for  practical  study,  together 
with  an  elaborate  series  of  preserved  specimens  for  illustration 
and  comparison.     In  the  freshman  year  the  study  of  structural 
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and  systematic  botany  is  pursued,  with  some  observation  on  insect 
fertilization.  This  is  followed  in  the  first  term  of  the  sophomore 
year  by  the  systematic  study  of  grasses,  trees  and  shrubs,  and  this 
during  the  winter  term  by  an  investigation  into  the  microscopic 
structure  of  the  plant.  The  senior  year  is  given  up  entirely  to 
cryptogamic  and  physiological  botany.  This  includes  a  study  of 
our  common  plant  diseases,  and  the  simple  functions  of  the  plant 
which  it  is  essential  for  the  agriculturist  to  become  familiar  with. 

The  Botanical  Museum  contains  the  Knowlton  herbarium,  of 
over  ten  thousand  species  of  phanerogamous  and  the  higher 
cryptogamous  plants ;  about  five  thousand  species  of  fungi,  and 
several  collections  of  lichens  and  mosses,  including  those  of  Tuck- 
erman,  Frost,  Denslow,  Cummings,  Miiller  and  Schaerer.  It  also 
contains  a  large  collection  of  native  woods,  cut  so  as  to  show  their 
individual  structure  ;  numerous  models  of  native  fruits  ;  specimens 
of  abnormal  and  peculiar  forms  of  stems,  fruits,  vegetables,  etc. ; 
many  interesting  specimens  of  unnatural  growths  of  trees  and 
plants,  natural  grafts,  etc. ;  together  with  models  for  illustrating 
the  growth  and  structure  of  plants,  and  including  a  model  of  the 
squash  which  raised  by  the  expansive  force  of  its  growing  cells 
the  enormous  weight  of  five  thousand  pounds. 

The  Botanical  Lecture  Rooon,  in  the  same  building,  is  provided 
with  diagrams  and  charts  of  over  three  thousand  figures,  illustrat- 
ing structural,  systematic  and  physiological  botany. 

The  Botanical  Laboratory  has  provision  for  thirtj^-four  students 
to  work  at  one  time.  Each  student  is  provided  with  a  locker, 
wherein  he  can  dispose  of  his  equipment  necessary  for  study. 
The  laboratory  is  equipped  with  Leitz',  Reichert's,  Bausch  and 
Lomb's,  Beck's,  Queen's  and  Tolles'  compound  microscopes,  with 
objectives  varying  from  four  inch  to  one-fifteenth  inch  focal  length, 
and  also  with  twenty  dissecting  microscopes  to  assist  in  the  study 
of  structural  and  systematic  botany.  It  also  contains  four  induc- 
tion coils,  including  a  Du  Bois-Reymond  induction  apparatus  and 
rheocord,  a  Lippmann  capillary  electrometer,  a  galvanometer,  and 
various  other  forms  of  electrical  appliances  especially  devised  for 
studying  the  influence  of  electricity  upon  the  growth  of  plants. 
There  are  also  Thoma,  Minot  and  Beck  microtomes,  a  self-regis- 
tering thermometer  and  hygrometer,  a  Wortmann  improved  clin- 
ostat  and  also  one  of  special  construction,  an  Arthur  centrifugal 
apparatus  with  electric  motor,  various  forms  of  self-registering 
appliances  for  registering  the  growth  of  plants,  including  a  Pfeffer- 
Baranetsky  electrical  self-registering  auxanometer,  a  Sach's  arc- 
auxanometer,  a  horizontal  reading  microscope  (Pfeffer  model), 
various  kinds  of  dynamometers  of  special  construction,  respiration 
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appliances,  mercurial  sap  and  vacuum  gauges,  manometers,  gas 
and  exhaust  chambers,  besides  various  other  appliances  for  work 
and  demonstration  in  plant  physiology.  The  laboratory  is  also 
provided  with  an  Eastman  landscape  camera,  a  Bausch  and  Lomb 
micro- photographic  camera,  and  a  dark  closet  equipped  for  photo- 
graphic and  other  kinds  of  work. 

Horticultural  Department. 

GreenJiouses.  —  To  aid  in  the  instruction  in  botany,  as  well  as 
iu  floriculture  and  market  gardening,  the  glass  structures  contain 
a  large  collection  of  plants  of  a  botanic  and  economic  value,  as 
well  as  those  grown  for  commercial  purposes.  They  consist  of 
two  large  octagons,  forty  by  forty  feet,  with  sides  twelve  feet 
high  and  a  central  portion  over  twenty  feet  high,  for  the  growth 
of  large  specimens,  like  palms,  tree  ferns,  the  bamboo,  banana, 
guava,  olive,  etc.  ;  a  moist  stove  twenty-five  feet  square  ;  a  dry 
stove  of  the  same  dimensions  ;  a  rose  room,  twenty-five  by  twenty 
feet ;  a  room  for  aquatic  plants,  twenty  by  twenty-five  feet ;  a 
room  for  ferns,  mosses  and  orchids,  eighteen  by  thirty  feet:  a 
large  propogating  house,  fifty  by  twenty-four  feet,  fitted  up  with 
benches  sufficient  in  number  to  accommodate  fifty  students  at  work 
at  one  time ;  a  vegetable  house,  forty-two  by  thirty-two  feet ;  a 
large  propagating  house,  thirty- six  by  seventy-five  feet,  for  the 
growing  of  carnations,  violets  and  bedding  plants  ;  a  cold  grapery, 
eighteen  by  twenty-five  feet.  To  these  glass  structures  are  at- 
tached three  work  rooms,  equipped  with  all  kinds  of  tools  for 
greenhouse  work.  In  buildiog  these  houses  as  many  as  possible 
of  the  principles  of  construction,  heating,  ventilation,  etc.,  have 
been  incorporated  for  the  purposes  of  instruction. 

Orchards. — These  are  extensive,  and  contain  nearly  all  the 
valuable  leading  varieties,  both  old  and  new,  of  the  large  fruits, 
growing  under  various  conditions  of  soil  and  exposure. 

Small  Fruits.  —  The  small-fruit  plantations  contain  a  large  num- 
ber of  varieties  of  each  kind,  especially  the  new  and  promising 
ones,  which  are  compared  with  older  sorts,  in  plots  and^in  field 
culture.  Methods  of  planting,  pruning,  training,  cultivation,  study 
of  varieties,  gathering,  packing  and  shipping  fruit,  etc.,  are  taught 
by  field  exercises,  the  students  doing  a  large  part  of  the  work  of 
the  department. 

Nursery.  — This  contains  more  than  five  thousand  trees,  shrubs 
and  vines  in  various  stages  of  growth,  where  the  different  methods 
of  propagation  by  cuttings,  layers,  budding,  grafting,  pruning 
and  training  are  practically  taught  to  the  students. 
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Garden.  —  All  kinds  of  garden  and  farm-garden  crops  are  grown 
in  this  department,  furnishing  ample  illustration  of  the  treatment 
of  market-garden  crops.  The  income  from  the  sales  of  trees, 
plants,  flowers,  fruit  and  vegetables  aids  materially  in  the  support 
of  the  department,  and  furnishes  illustrations  of  the  methods  of 
business,  with  which  all  students  are  expected  to  become  familiar. 

Forestry.  —  Many  kinds  of  trees  suitable  for  forest  planting  are 
grown  in  the  nursery,  and  plantations  have  been  made  upon  the 
college  grounds  and  upon  private  estates  in  the  vicinity,  affording 
good  examples  of  this  most  important  subject.  A  large  forest 
grove  is  connected  with  this  department,  where  the  methods  of 
pruning  trees  and  the  management  and  preservation  of  forests  can 
be  illustrated.  In  the  museum  and  lecture  room  are  collections  of 
native  woods,  showing  their  natural  condition  and  peculiarities  ; 
and  there  have  been  lately  added  the  prepared  wood  sections  of 
R.  B.  Hough,  mounted  on  cards  for  class-room  illustration. 

Ornamental  trees,  shrubs  and  flowering  plants  are  grouped  about 
the  grounds  in  such  a  way  as  to  afford  as  much  instruction  as  pos- 
sible in  the  art  of  landscape  gardening.  All  these,  as  well  as  the 
varieties  of  large  and  small  fruits,  are  marked  with  conspicuous 
labels,  giving  their  common  and  Latin  names,  for  the  benefit  of 
the  students  and  the  public. 

Tool  House.  —  A  tool  house,  thirty  by  eighty  feet,  has  been 
constructed,  containing  a  general  store-room  for  keeping  small 
tools  ;  a  repair  shop  with  forge,  anvil  and  work-bench  ;  and  a  car- 
penter shop  equipped  with  a  large  Sloyd  bench  and  full  set  of 
tools.  Under  one-half  of  this  building  is  a  cellar  for  storing  fruit 
and  vegetables.  In  the  loft  is  a  chamber,  thirty  by  eighty  feet, 
for  keeping  hot-bed  sashes,  shutters,  mats,  berry  crates,  baskets 
and  other  materials  when  not  in  use. 

Connected  with  the  stable  is  a  cold-storage  room,  with  an  ice- 
chamber  over  it,  for  preserving  fruit,  while  the  main  cellar  under- 
neath the  stable  is  devoted  to  the  keeping  of  vegetables. 

All  the  low  land  south  of  the  greenhouses  has  been  thoroughly 
underdrained  and  put  into  condition  for  the  production  of  any 
garden  or  small  fruit  crop. 

Department  of  Zoology. 
The  work  in  this  department  begins  in  the  winter  term  of  the 
sophomore  year  with  human  anatomy  and  physiology,  the  study  of 
which  not  only  serves  as  an  introduction  to  zoology  and  the  veter- 
inary science,  but  also  gives  the  student  a  knowledge  of  the  struct- 
ure and  uses  of  the  different  organs  of  the  human  body  and  of 
the  laws  of  health.     In  the  fall  and  winter  terms  the  members  of 
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the  junior  class  take  zoology,  which  is  taught  by  means  of  lectures 
and  laboratory  work.  In  the  laboratory  each  student  is  required 
to  dissect  and  study  a  series  of  typical  animals,  making  drawings 
of  the  various  organs.  During  the  spring  term  of  this  year  a 
course  of  lectures  is  given  on  insects  in  general,  their  classification 
and  habits  and  the  various  methods  of  destroying  those  that  are 
injurious,  and  more  or  less  time  in  this  connection  is  devoted  to 
laboratory  and  field  work. 

There  is  a  most  excellent  and  carefully  arranged  museum  con- 
nected with  this  department,  in  which  are  exhibited,  as  far  as 
possible,  all  the  native  animals  of  this  Commonwealth,  together 
with  such  species  from  other  parts  of  the  world  as  are  necessary 
to  give  completeness  or  for  the  instruction  of  the  students.  This 
museum  furnishes  specimens  for  illustration  in  the  lectures  before 
the  classes,  and  also  for  general  information  to  visitors  as  well  as 
members  of  the  college. 

During  the  senior  year  such  members  of  this  class  as  elect 
advanced  entomology  take  a  course  of  more  technical  lectures, 
in  which  the  following  subjects  relating  to  insects  are  considered 
quite  at  length  :  external  and  internal  anatomy,  embryology,  trans- 
formations, duration  of  life,  luminosity  of  insects,  the  color  of 
insects,  parasitic  insects,  diseases  of  insects,  number  of  insects 
in  existence,  geographical  and  geological  distribution  of  insects, 
insect  architecture,  fertilization  of  plants  by  insects,  economic 
entomology,  bee-keeping  and  the  literature  of  insects.  The  labo- 
ratory work  of  this  year  consists  in  part  of  dissections  of  the 
caterpillar,  pupa  and  imago  stages  of  insects,  and  a  critical  study 
of  the  external  anatomy  of  species  of  each  of  the  orders  of 
insects,  followed  by  the  exercise  of  determining  a  group  of  insects 
in  each  order  ;  and,  finally,  each  student  is  required  to  prepare  a 
thesis  on  some  insect  or  group  of  insects  pertaining  to  the  business 
in  which  he  intends  to  engage.  He  is  asked  at  the  beginning  of 
the  year  what  business  he  intends  to  follow  after  graduation,  and 
is  then  advised  to  prepare  his  thesis  on  those  insects  with  which 
he  will  most  have  to  deal  in  the  business  he  has  selected.  In  the 
preparation  of  this  .thesis  the  work  is  carried  on  in  the  most  ap- 
proved methods,  so  that  he  may  obtain  the  most  scientific  and  at 
the  same  time  practical  knowledge  of  the  subject ;  in  fact,  he  is 
taught  such  methods  of  investigation  that,  if  new  insect  pests 
appear  on  his  crops,  he  will  know  how  to  properly  investigate 
them  and  discover  the  best  and  cheapest  methods  for  their  destruc- 
tion. If  this  thesis  when  completed  contains  information  of  public 
interest,  whether  of  an  economic  character  or  otherwise,  it  is  pub- 
lished, with  whatever  illustrations  are  necessary. 
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This  course  is  primarily  for  the  student  of  agriculture  or  horti- 
culture, but,  when  taken  in  connection  with  botany  and  chemistry, 
is  especially  adapted  to  one  wishing  to  fit  himself  as  a  teacher  of 
science  in  our  public  schools,  or  to  one  intending  to  study  medi- 
cine, but  in  this  case  his  laboratory  work  would  be  devoted  mainly 
to  histology. 

This  department  is  now  prepared  for  and  is  receiving  graduates 
from  this  and  other  colleges,  who  wish  to  continue  the  study  of 
entomology  beyond  what  they  were  able  in  their  undergraduate 
course.  These  advanced  studies  will  fit  them  for  positions  in  the 
experiment  stations  or  as  State  entomologists,  and  also  give  them 
most  excellent  training  as  teachers  in  our  high  schools  and  col- 
leges. 

Veterinary  Department. 

This  department  is  well  equipped  with  the  apparatus  necessary 
to  illustrate  the  subject  in  the  class  room. 

It  consists  of  an  improved  Auzoux  model  of  the  horse,  imported 
from  Paris,  constructed  so  as  to  separate  and  show  in  detail  the 
shape,  size,  structure  and  relations  of  the  different  parts  of  the 
body  ;  two  papier-mache  models  of  the  hind  legs  of  the  horse, 
showing  diseases  of  the  soft  tissues,  —  wind-galls,  bog  spavins, 
etc  ,  also  the  diseases  of  the  bone  tissues,  —  splints,  spavins  and 
ringbones  ;  two  models  of  the  foot,  one  according  to  Bracy  Clark's 
description,  the  other  showing  the  Charlier  method  of  shoeing  and 
the  general  anatomy  of  the  foot ;  a  full-sized  model  of  the  bones 
of  the  hind  leg,  giving  shape,  size  and  position  of  each  individual 
bone  ;  thirty-one  full-sized  models  of  the  jaws  and  teeth  of  the 
horse  and  fourteen  of  the  ox,*  showing  the  changes  which  take 
place  in  these  organs  as  the  animals  advance  in  age. 

There  is  an  articulated  skeleton  of  the  famous  stallion  Black- 
hawk,  a  disarticulated  one  of  a  thoroughbred  mare,  besides  one 
each  of  the  cow,  sheep,  pig  and  dog ;  two  prepared  dissections  of 
the  fore  and  hind  legs  of  the  horse,  showing  position  and  relation 
of  the  soft  tissues  to  the  bones  ;  a  papier-mache  model  of  the 
uterus  of  the  mare  and  of  the  pig  ;  a  gravid  uterus  of  the  cow  ;  a 
wax  model  of  the  uterus,  placenta  and  foetus  of  the  sheep  ;  show- 
ing the  position  of  the  foetus  and  the  attachment  of  the  placenta 
to  the  walls  of  the  uterus. 

In  addition  to  the  above  there  is  a  growing  collection  of  patho- 
logical specimens  of  both  the  soft  and  osseous  tissues,  and  many 
parasites  common  to  the  domestic  animals.  A  collection  of  charts 
and  diagrams  especially  prepared  for  the  college  is  used  in  con- 
nection with  lectures  upon  the  subject  of  anatomy,  parturition  and 
conformation  of  animals. 
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Through  the  kindness  of  Mr.  Henry  Adams  of  Amherst  the  de- 
partment has  received  a  large  sample  collection  of  the  various 
drugs  used  in  the  treatment  of  the  diseases  of  the  domestic  an- 
imals. 

For  the  benefit  of  the  students,  sick  or  diseased  animals  are 
frequently  shown  them,  and  operations  performed  in  connection 
with  the  class-room  work.  For  the  use  of  the  instructor  of  this 
department  a  laboratory  has  been  provided  in  the  old  chapel 
building.  It  has  been  equipped  with  the  apparatus  necessary 
for  the  study  of  histology,  pathology  and  bacteriology,  consisting 
in  part  of  four  improved  Zeiss  microscopes  with  one-eighteenth 
and  one-twelfth  inch  oil  immersion  objectives,  together  with  the 
lower  powers  ;  a  Lautenschlager's  incubator  and  hot-air  sterilizer  ; 
an  Arnold's  steam  sterilizer  and  a  Bausch  and  Lomb  improved 
laboratory  microtome.  This  apparatus  is  used  for  the  preparation 
of  material  for  the  class  room  and  for  general  investigation. 

Mathematical  Department. 

At  first  glance  it  might  appear  that  mathematics  would  play  a 
very  small  part  in  the  curriculum  of  an  agricultural  college,  and, 
while  it  is  true  that  its  chief  object  is  of  a  supplementary  nature, 
it  is  equally  true  that,  entirely  aside  from  its  value  as  a  means  of 
mental  discipline,  mathematics  has  a  well-defined  and  practical 
object  to  accomplish.  In  this  day  of  scientific  experiment,  ob- 
servation and  research  on  the  farm,  the  advantages  of  a  thorough 
knowledge  of  the  more  elementary  branches  of  mathematics,  gen- 
eral physics  and  engineering  must  be  more  than  ever  apparent ; 
and  it  is  to  meet  the  needs  of  the  agricultural  college  student  in 
these  lines  that  the  work  in  the  mathematical  department  has 
been  planned. 

The  mathematics  of  the  freshman,  sophomore  and  junior  years 
are  required,  those  of  the  senior  year  elective. 

A  glance  at  the  schedule  of  studies  will  show  the  sequence  of 
subjects  :  book-keeping,  algebra  and  geometry  in  the  freshman 
year  ;  trigonometry,  mechanical  drawing,  mechanics  and  plane  sur- 
veying, —  the  latter  embracing  lectures  and  field  work  in  elemen- 
tary engineering,  the  use  of  instruments,  computation  of  areas, 
levelling,  etc.,  —  in  the  sophomore  year;  general  physics  with 
work  in  laboratory,  —  including  electricity,  sound,  light  and  heat, 
—  in  the  junior  year;  and,  finally,  two  electives  in  the  senior 
year,  —  mathematics  and  engineering,  respectively.* 

*  While  these  two  electives  are  entirely  distinct,  the  student  electing  engineering 
is  strongly  advised  to  elect  mathematics  also. 
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The  mathematical  option  includes  the  following  subjects :  fall 
term,  plane  analytic  geometry,  embracing  a  study  of  the  equations 
and  properties  of  the  point,  line  and  circle,  and  of  the  parabola, 
ellipse  and  hyperbola ;  winter  term,  differential  calculus ;  and 
summer  term,  integral  calculus. 

The  senior  engineering  option  is  designed  to  give  to  the  student 
the  necessary  engineering  training  to  enable  him  to  take  up  and 
apply,  on  the  lines  of  landscape  engineering  and  the  development 
of  property,  his  knowledge  of  landscape  gardening,  agriculture, 
forestry,  botany  and  horticulture.  It  embraces  a  course  of  lect- 
ures, recitations  and  field  work  on  the  following  subjects :  topog- 
raphy, railroad  curves,  earth  work,  construction  and  maintenance 
of  roads,  water  works  and  sewerage  systems,  elementary  structures, 
elementary  mechanism,  etc. 

It  is  believed  that  the  engineering  elective  will  equip  the  student 
to  enter  a  compai-atively  new  field,  that  of  landscape  engineering, 
which  is  coming  more  and  more  prominently  before  the  public 
attention  ;  for,  with  the  increasing  consideration  which  is  being 
paid  to  the  public  health  and  the  development  and  beautifying  of 
our  towns  and  cities,  come  fresh  needs  and  opportunities. 

Chemical  Department. 

Instruction  in  general  agricultural  and  analytical  chemistry  and 
mineralogy  is  given  in  the  laboratory  building.  Thirteen  com- 
modious rooms,  well  lighted,  ventilated  and  properly  fitted,  are 
occupied  by  the  chemical  department. 

The  lecture  room,  on  the  second  floor,  has  ample  seating  capacity 
for  seventy  students.  Immediately  adjoining  it  are  four  smaller 
rooms,  which  serve  for  storing  apparatus  and  preparing  material 
for  the  lecture  table. 

The  laboratory  for  beginners  is  a  capacious  room  on  the  first 
floor.  It  is  furnished  with  forty  working  tables.  Each  table  is 
provided  with  sets  of  wet  and  dry  re-agents,  a  fume  chamber, 
water,  gas,  drawer  and  locker,  and  apparatus  sufficient  to  render 
the  student  independent  of  carelessness  or  accident  on  the  part 
of  others  working  near  by ;  thus  equipped,  each  worker  has  the 
opportunity,  under  the  direction  of  an  instructor,  of  repeating 
the  processes  which  he  has  previously  studied  in  the  lecture  room, 
and  of  carrying  out  at  will  any  tests  which  his  own  observation 
may  suggest. 

A  systematic  study  of  the  properties  of  elementary  matter  is  here 
taken  up,  then  the  study  of  the  simpler  combinations  of  the  elements 
and  their  artificial  preparation  ;  then  follows  qualitative  analysis  of 
salts,  minerals,  soils,  fertilizers,  animal  and  vegetable  products. 
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The  laboratory  for  advanced  students  has  tables  for  thirty  work- 
ers, with  adequate  apparatus.  This  is  for  instruction  in  the  chem- 
istry of  various  manufacturing  industries,  especially  those  of 
agricultural  interest,  as  the  production  of  sugar,  starch,  fibres  and 
dairy  products ;  the  preparation  of  plant  and  animal  foods,  their 
digestion,  assimilation  and  economic  use ;  the  official  analysis  of 
fertilizers,  fodders  and  foods  ;  the  analysis  of  soils  and  waters,  of 
milk,  urine  and  other  animal  and  vegetable  products. 

The  balance  room  has  four  balances  and  improved  apparatus  for 
determining  densities  of  solids,  liquids  and  gases. 

Apparatus  and  Collections.  —  Large  purchases  of  apparatus 
require  to  be  made.  Deficiencies  caused  by  the  wear  and  break- 
age of  several  years  need  to  be  supplied  and  the  original  outfit 
increased.  The  apparatus  includes  balances,  a  microscope,  spectro- 
scope, polariscope,  photometer,  barometer  and  numerous  models 
and  sets  of  apparatus.  The  various  rooms  are  furnished  with  an 
extensive  collection  of  industrial  charts.  A  valuable  and  growing 
collection  of  specimens  and  samples,  fitted  to  illustrate  different 
subjects  taught,  is  also  provided.  This  includes  rocks,  minerals, 
soils,  raw  and  manufactured  fertilizers,  foods,  including  milling 
products,  fibres  and  other  vegetable  and  animal  products  and  arti- 
ficial preparations  of  mineral  and  organic  compounds.  Series  of 
preparations  are  used  for  illustrating  the  various  stages  of  different 
manufactures  from  raw  materials  to  finished  products. 

Library. 

This  now  numbers  19,180  volumes,  having  been  increased  during 
the  year,  by  gift  and  purchase,  683  volumes.  It  is  placed  in  the 
lower  hall  of  the  chapel-library  building,  and  is  made  available  to 
the  general  student  for  reference  or  investigation.  It  is  especially 
valuable  as  a  library  of  reference,  and  no  pains  will  be  spared  to 
make  it  complete  in  the  departments  of  agriculture,  horticulture, 
botany  and  the  natural  sciences.  It  is  open  a  portion  of  each  day 
for  consultation,  and  an  hour  every  evening  for  the  drawing  of 
books. 


PRIZES. 
BuRNHAM  Rhetorical  Prizes. 
These  prizes  are  awarded  for  excellence  in  declamation,  and  are 
open  to  competition,  under  certain  restrictions,  to  members  of  the 
sophomore  and  freshmen  classes. 
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Flint  Prizes. 
Mr.  Charles  L.  Flint  of  the  class  of  1881  has  established  two 
prizes,  one  of  thirty  dollars  and  another  of  twenty  dollars,  to  be 
awarded,  at  an  appointed  time  during  commencement  week,  to  the 
two  members  of  the  junior  class  who  may  produce  the  best  ora- 
tions. Excellence  in  both  composition  and  delivery  is  considered 
in  making  the  award. 

Grinnell  Agricultural  Prizes. 
Hon.  William  Claflin  of  Boston  has  given  the  sum  of  one 
thousand  dollars  for  the  endowment  of  a  first  and  second  prize, 
to  be  called  the  Grinnell  agricultural  prizes,  in  honor  of  George  B. 
Grinnell,  Esq.,  of  New  York.  These  two  prizes  are  to  be  paid 
in  cash  to  those  two  members  of  the  graduating  class  who  may 
pass  the  best  written  and  oral  examination  in  theoretical  and 
practical  agriculture. 

Hills  Botanical  Prizes. 
For  the  best  herbarium  collected  by  a  member  of  the  class  of 
1899  a  prize  of  twenty  dollars  is  offered,  and  for  the  second  best 
a  prize  of  ten  dollars  ;    also  a  prize  of  five  dollars  for  the  best 
collection  of  native  woods. 

The  prizes  in  1898  were  awarded  as  follows  :  — 

Burnham  Rhetorical  Prizes:  Francis  G.  Stanley  (1900),  first; 
Howard  Baker  (1900),  second;  Alexander  C  Wilson  (1901), 
first;   George  R.  Bridgeforth  (1901),  second. 

Flint  Oratorical  Prizes:  Warren  E.  Hinds  (1899),  first;  Ber- 
nard H.  Smith  (1899),  second. 

Grinnell  Agricultural  Prizes:  Clifford  G.  Clark  (1898),  first; 
George  H.  Wright  (1898),  second;  Avedis  G.  Adjemian  (1898), 
honorable  mention. 

Hills  Botanical  Prizes:  Willis  S.  Fisher  (1898),  first. 

Prizes  in  Drawing,  given  by  William  H.  Armstrong,  '99  :  Dickran 
B.  Tashjian  (1901),  first;  James  B.  Henry  (1901),  second. 

Dairy  Prizes,  given  by  the  Massachusetts  Society  for  Promoting 
Agriculture  :  greatest  improvement,  Walter  T.  Packard,  first  (fifty 
dollars  in  gold)  ;  Oliver  H.  Leach,  second  (thirty  dollars  in  gold)  ; 
Jonathan  E.  Holt,  third  (twenty  dollars  in  gold). 
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RELIGIOUS   SERVICES. 

Students  are  required  to  attend  prayers  every  week-day  at 
8  A.M.  and  public  worship  in  the  chapel  every  Sunday  at  10.30 
A.M.  Further  opportunities  for  moral  and  religious  culture  are 
afforded  by  a  Bible  class  taught  by  one  of  the  professors  during 
the  hour  preceding  the  Sunday  morning  service  and  by  religious 
meetings  held  on  Sunday  afternoon  and  during  the  week,  under 
the  auspices  of  the  College  Young  Men's  Christian  Association. 


LOCATION. 


Amherst  is  on  the  New  London  Northern  Railroad,  connecting 
at  Palmer  with  the  Boston  &  Albany  Railroad,  and  at  Miller's 
Falls  with  the  Fitchburg  Railroad.  It  is  also  on  the  Central 
Massachusetts  Railroad,  connecting  at  Northampton  with  the 
Connecticut  River  Railroad  and  with  the  New  Haven  &  North- 
ampton Railroad. 

The  college  buildings  are  on  a  healthful  site,  commanding  one 
of  the  finest  views  in  New  England.  The  large  farm  of  three 
hundred  and  eighty-three  acres,  with  its  varied  surface  and  native 
forests,  gives  the  student  the  freedom  and  quiet  of  a  country 
home. 


REPORTS. 


TREASURER'S  REPORT. 


Report  of  George   F.  Mills,   Treasurer  of  Massachusetts  Agri- 
cultural College,  from  Jan.  i,  1898,  to  Jan.  1,  1899. 


Received. 

Paid. 

Cash  on  hand  Jan.  1,  1898,      .... 

$4,054   10 

^ 

State  treasurer, 

16,000  00 

- 

Term  bill, 

2,888  65 

$609  03 

Salary,      .... 

- 

27,020  76 

Horticultural  department, 

3,560  48 

6,563  92 

Farm,        .... 

5,965  40 

10,775  11 

Expense,  .... 

1,293  01 

8,197  09 

Endowment  fund,    . 

10,262  72 

- 

State  scholarship  funds,  . 

15,000  00 

- 

Labor  fund, 

5,000  00 

4,676  02 

Botanical  laboratory, 

99  50 

77  15 

Chemical  laboratory. 

< 

576  08 

399  36 

Entomological  laboratory. 

27  00 

22  97 

Zoological  laboratory, 

68  00 

134  43 

Grinnell  prize  fund, 

40  00 

35  00 

Gassett  scholarship  fund, 

42  60 

55  00 

Whiting  Street  fund. 

51  05 

50  00 

Mary  Robinson  fund. 

35  84 

25  00 

Burnham  emergency  fund. 

133  12 

93  12 

Hills  fund. 

356  16 

621  31 

Library  fund,  . 

426  95 

627  87 

Extra  instruction,    . 

- 

372  00 

Advertising,     . 

- 

281  12 

Agricultural  department. 

513  53 

1,381  05 

Electric  equipment. 

639  18 

2,837  28 

Insurance, 

14  15 

773  46 

Investment  N.  Y.  C.  &  H.  R.  R.R., 

4  00 

- 

Cash  on  hand  Jan.  1,  1899, 

- 

1,423  38 

$67,051  42 

$67,051  42 

Cash  on  Hand,  as  shown  by  Tkeasueer's  Statement,  belongs 
TO  THE  Following  Accounts: 

Labor  fund, f  316  75 

Grinnell  prize  fund, 
Gassett  scholarship  fund, 
Whiting  Street  fund, 
Mary  Robinson  fund, 
Bui'nham  emergency  fund, 
General  fund  of  the  college, 

$1,423  38 
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Bills  receivable  Jan.  1,  1899. 
Term  bill, 

Hoi'ticultural  department, 
Farm,        .... 
Expense,  .... 
Botanical  laboratory, 
Chemical  laboratory. 
Entomological  laboratory, 
Zoological  laboratory. 
Electric  equipment, 

$2,918  06 
Bills  payable  Jan.  1,  1899. 

Horticultural  department,       .        .        ...        .        .        .  $150  .52 

Farm 4,012  24 

Expense, .  1,485  25 

Electric  equipment, 309  00 

Botanical  laboi-atory,        .        .         .        .        .        .        .         .  14  56 

Chemical  laboratory, 60  00 

Insurance, 18  00 


$638 

98 

418 

73 

1,175 

63 

83 

41 

28 

50 

300 

00 

6 

00 

72 

00 

194  81 

16,049  57 

This  is  to  certify  that  I  have  this  day  examined  the  accounts  from  Jan.  1,  1898,  to 
Jan.  1,  1899,  of  George  F.  Mills,  treasurer  of  Massachusetts  Agricultural  College, 
and  find  the  same  correct  and  properly  kept.  All  disbursements  are  vouched  for, 
the  balance  in  the  treasury  being  one  thousand  four  hundred  and  twenty-three 
dollars  and  thirty-eight  cents  ($1,423.38),  which  sum  is  shown  to  be  in  the  hands  of 
the  treasurer. 

CHARLES  A.  GLEASON,  Auditor. 

Amherst,  Dec.  28,  1898. 


Inventory  —  real  estate. 

Land  (^Estimated  Value). 

College  farm, $37,000  00 

Pelham  quarry, 500  00 

Bangs  place, 1,750  00 

Clark  place, 4,500  00 


$43,750  00 


Drill  hall, 
Powder  house, . 
Gun  shed, 
Stone  chapel,    . 
South  dormitory, 
North  dormitory, 


Buildings  (Estimated  Value). 


$5,000  00 
75  00 
1,500  00 
30,000  00 
35,000  00 
25,000  00 


96,575  00 


Amount  carried  forward, $140,325  00 
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Amount  brought  forward. 


Chemical  laboratory, 

Entomological  laboratory, 

Farm-house, 

Horse  barn,       .         . 

Farm  barn  and  dairy  school, 

Graves  house  and  bai-n,    . 

Boarding-house, 

Botanic  museum, 

Botanic  barn,    . 

Tool  house, 

Durfee  plant  house  and  fixtures, 

Small  plant  house,  with  vegetable  cellar 

cold  grapery,  .... 
President's  house,  .... 
Dwelling-houses,  purchased  with  farm. 


and 


$140,325  00 


8,000  00 
3,000  00 
2,000  00 
5,000  00 

33,000  00 
2,500  00 
2,000  00 
5,500  00 
2,500  00 
2,000  00 

13,000  00 

4,700  00 
6,500  00 
6,000  00 


94,700  00 


EQUIPMENT, 


Botanical  department. 
Horticultural  department, 
Farm,        .... 
Chemical  laboratory. 
Botanical  laborator-y, 
Zoological  laboratory, 
Natui'al  history  collection, 
Veterinary  department,   . 
Physics  and  mathematics, 
Agricultural  department, 
Library,    . 
Fire  apparatus, 
Furniture, 
Text-books, 
Tools  and  lumber, 
Electric  equipment  and  supplies. 


Summary. 

Assets. 
Total  value  of  real  estate,  per  inventory,        .        .       * ,        ,  $235,025  00 
Total  value  of  equipment,  per  inventory,       ....      78,089  55 

Bills  receivable, 2,918  06 

Cash  on  hand, 1,423  38 

$317,455  99 
Liabilities. 
Bills  payable, 6,049  57 


$236,025  00 

$3,610  00 

10,779  59 

15,948  76 

1,986  00 

2,166  63 

1,910  38 

5,440  86 

1,615  ^^ 

4,813  00 

3,250  00 

19,200  00 

665  00 

500  00 

207  11 

216  40 

5,791  27 

$78,089  66 

$811,406  42 
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Maintenance  Funds. 

Fund.  Income  in  '98. 

Technical   educational    fund,  United    States 

grant, $219,000  00  $7,300  00 

Technical  educational  fund.  State  grant,         .        141,575  35  2,962  72 

Morrill  fund,  in  accordance  with  act  of  Con- 
gress, approved  Aug.  30,  1890, 16,000  00 

Hills  fund 8,542  00  356  16 

State  appropriation  made  by  Legislature  of 

1896  for  four  years, 5,000  00 

Labor  fund,  appropriation  made  by  Legislat- 
ure of  1896  for  four  years, 5,000  00 

Scholarship  Funds, 

State  fund,  appropriated  by  the  Legislature  of  1886,     .         .  10,000  00 

Whiting  Street  fund $1,260  00  51  05 

Gassett  fund, 1,000  00  42  50 

Mary  Robinson  fund, 858  00  35  84 

FmzE  Fund. 

Grinnell  prize  fund, $1,000  00  40  00 

Miscellaneous  Funds. 

Library  fund $10,046  12  426  95 

Investment,  N.  Y.  C.  &  H.  R.  R.R.  stock,        .               100  00  4  00 

Burnham  emergency  fund,      ....            3,481  45  128  62 

147,347  84 
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FAKM    EEPOKT. 


The  operations  of  the  farm  for  the  past  season  call  for  little 
comment,  as  they  have  been  of  a  strictly  routine  nature,  and  for 
the  most  part  attended  with  no  marked  results  either  in  the  direc- 
tion of  unusual  success  or  failure,  the  consideration  of  which 
would  demand  attention.  The  manurial  treatment  of  the  several 
crops  is  shown  in  the  table  which  follows  :  — 

Manure  and  Fertilizer  per  Acre,  Crops  of  College  Farm,  1898. 
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Manure  (cords) 

Nitrate  of  8oda  (pounds),  . 
Plain  superphosphate  (pounds), 
South  Carolina  rock  phosphate 

(pounds), 

Dried  blood  (pounds). 
Tankage  (pounds),     , 
Bone  meal  (pounds), . 
Muriate  of  potash  (pounds). 
High-grade  sulphate  of  potash 

(pounds), 

Dry  ground  fish  (pounds), 
Lime  (pounds) 

150 

150 
75 

4 
100 
150 

140 

100 

1,000 

100 

200 

200 

2 
125 
200 

125 
1,000 

8 
100 
200 

200 

6 
250 

150 

200 

10 
150 
200 

200 

8 
100 
200 

150 

100 
200 

150 

150 
400 

200 

300 
200 

The  average  of  yield  of  the  several  farm  crops,  together  with  a 
statement  of  cost,  as  nearly  as  we  are  able  to  calculate  it,  with 
the  value  and  amount  of  profit  or  loss,  will  be  found  in  the  table 
below.  Concerning  the  figures  in  this  table,  it  should  be  stated 
that  the  crop  is  charged  with  one-half  the  manure  and  three-fourths 
of  the  fertilizer  employed.  This  course  appears  to  me  to  be  right, 
for  the  reason  that  all  our  fields  are  managed  in  rotation,  includ- 
ing grass,  and  in  the  first  two  years  in  grass  neither  manure  nor 
fertilizer  is  used.  No  attempt  is  made  to  estimate  the  financial 
result  in  the  case  of  the  hay  crop,  for  the  reason  that  the  proper 
charge  to  be  made  for  the  after-effects  of  the  manure  and  fertil- 
izer applied  to  previous  crops  is  not  clear,  and  for  the  further 
reason  that  a  separate  account  is  not  kept  of  the  labor  expended  in 
securing  the  hay  crop.  That  crop  is  charged  the  full  cost  of  the 
fertilizer  applied  this  year.  In  explanation  of  the  comparatively 
small  rowen  crop,  it  should  be  stated  that  a  considerable  proportion 
of  our  mowing  land  was  pastured  after  the  first  crop  had  been  removed. 
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The  live  stock  of  the  farm  has  maintained  a  good  average  of 
general  health  ;  but  we  have  suffered  a  few  losses,  viz.,  one  team 
horse  from  black  water  (Jicemaglobinuria) ,  one  Percheron  mare  in 
parturition  and  one  Ayrshire  heifer  from  an  unknown  cause.  The 
live  stock  now  includes  the  following  animals :  — 

Horses. — Percherons,  1  stallion,  1  two-year-old  stallion  colt 
and  1  ridgling ;  three-quarter  blood  Percheron,  2  mares ;  French 
coach,  1  stallion  and  1  mare  ;  one-half  blood  French  coach,  3 
colts  ;  farm  horses,  4  mares  ;  total,  14  head. 

Neat  Cattle.  — Ayrshire,  1  bull,  1  cow  and  1  bull  calf  ;  Jerseys, 
1  bull,  2  cows  and  one  heifer  calf ;  Shorthorns,  1  bull,  1  cow  and 
1  heifer  calf ;  Guernsey,  1  bull  and  1  cow ;  Holstein-Friesian,  1 
bull,  1  cow  and  2  heifers ;  western  Shorthorn  grades,  46  cows ; 
and  Ayrshire,  Holstein-Friesian,  Shorthorn,  Jersey  and  Guernsey 
grades,  17  young  cows  and  20  heifers  and  calves ;  total,  99  head. 

Sheep.  —  Southdowns,  1  ram  and  38  ewes. 

Swine.  —  Berkshires,  1  boar,  1  sow  and  6  shoats ;  Poland- 
Chinas,  1  boar,  1  sow ;  Chester  Whites,  1  boar,  1  sow ;  Tam- 
worths,  1  sow  and  9  shoats ;  Berkshire-Poland-China,  cross-bred, 
4  shoats  ;  total,  25  head. 

The  sales  of  the  year  Dec.  10,  1897,  to  Dec.  15,  1898,  have 
amounted  to  $7,220.77.  The  largest  items  are  :  milk  and  cream, 
$4,019.80;  beef,  $589.86;  potatoes,  $531.80;  celery,  $174.62; 
hay,  $658.10;  sheep,  wool  and  lambs,  $214.23;  and  labor, 
$350.10. 

Such  degree  of  success  as  has  attended  the  operations  of  the 
farm  is  due  almost  entirely  to  the  faithful  attention  of  the  super- 
intendent, Mr.  E.  A.  Jones,  to  whom,  as  my  responsibilities  for 
experimental  work  increase,  have  been  left  all  details  of  farm 
management  in  largely  increased  measure. 


Amherst,  Dec.  23,  1898. 


WM.    P.    BROOKS, 

Professor  of  Agriculture. 
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GIFTS. 


From  Massachusetts  Society  for  Promoting  Agriculture,  one 
hundred  dollars,  prizes,  winter  Dairy  School. 

O.  Douglas  Butter  Culture  Company,  Boston,  two  pack- 
ages butter  culture. 

Vermont  Farm  Machine  Company,  Bellows  Falls,  Vt., 
one  dog  power. 

German  Potash  Syndicate,  sulphate  of  potash,  five  tons ; 
muriate  of  potash,  three  tons ;  silicate  of  potash,  two 
hundred  pounds. 

Cornell  Experiment  Station,  Ithaca,  N.  Y.,  three  varie- 
ties of  seed  potatoes. 

Central  Experiment  Station,  Ontario,  one  variety  of 
seed  potatoes. 

H.  C.  Marsh,  Muncie,  Ind.,  three  varieties  of  seed 
potatoes. 

L.  L.  Olds,  Clinton,  Wis.,  one  variety  of  seed  potatoes. 

Ford  &  Son,  Ravenna,  O.,  one  variety  of  seed  potatoes. 

W.  H.  Maule,  Philadelphia,  Pa.,  one  variety  of  seed 
potatoes. 

W.  A.  Burpee  &  Sons,  Philadelphia,  Pa.,  two  varieties 
of  seed  potatoes. 

A.  B.  Howard,  Belchertown,  two  varieties  of  seed  pota- 
toes. 

A.  J.  Silberstein,  Framingham,  plan  of  and  permission  to 
use  patent  nest. 

Florida  Experiment  Station,  Lake  City,  Fla.,  one  bushel 
Velvet  bean. 

Hon.  Levi  Stockbridge,  Amherst,  one  peck  Velvet  bean. 

Baker  &  Bros.,  New  York,  two  hundred  pounds  Damara- 
land  guano. 


1899.]  PUBLIC   DOCUMENT  — No.  31.  67 

From  United  States  Department  of  Agriculture  ,  Washing- 
ton, D.  C,  seeds,  —  winter  vetch,  Russian  sunflowers, 
wax  bean,  kidney  vetch,  Bromus  inermis  and  several 
other  grasses. 

Skabcura  Dip  Company,  St,  Louis,  Mo.,  package  sheep 
dip  and  one  of  Nikoteen. 

B.   H.   Smith   (M.  A.  C,  '99),  Middlefield,  two  flickers. 

D.  A.  Beaman  (M.  a.  C,  '99),  Leverett,  two  chipmunks. 

W.  H.  Armstrong  (M.  A.  C,  '99),  Cambridge,  two  young 
red- tailed  hawks. 


Loans,  for  Use  during  Winter  Course  Dairy  School. 

From  De  Laval  Separator  Company,  New  York,  three  sepa- 
rators. 

Vermont  Farm  Machine  Company,  Bellows  Falls,  Vt., 
four  separators  and  one  regulator. 

Creamery  Package  Manufacturing  Company,  Chicago, 
111.,  Disbrow  combined  churn  and  butter  worker. 

Elgin  Manufacturing  Company,  Elgin,  111.,  Babcock 
testers,  power  and  hand  sizes. 

Sharpless  Manufacturing  Company,  West  Chester,  Pa., 
one  separator. 


BUTTER  Cultures  v.  Natural  Ripening. 


F.   S.   COOLEY. 


EFFECT  ON  THE  FLAVOR  OF  BUTTER. 


Butter  Cultures  v.  Natural  Eipening. 


F.  S.  COOLEY. 


EFFECT  ON  THE  FLAVOR  OF  BUTTER. 

Introduction. 

A  wide-spread  interest  has  been  manifested  during  the  past  two 
or  three  years  in  the  matter  of  substituting  ferments  whose  action 
is  known  for  the  miscellaneous  micro-organisms  previously  con- 
cerned in  ripening  cream  for  the  manufacture  of  butter.  The 
movement  towards  such  a  substitution  is  so  active  and  the  amount 
of  money  at  stake  so  great  that  it  has  seemed  important  to  test 
carefully  the  claims  of  manufacturers  of  pure  butter  cultures,  with 
a  view  to  determining  whether  the  advantage  of  using  them  in  the 
manufacture  of  butter  warrants  the  outlay. 

Recently  as  the  science  of  bacteriology  has  come  into  prominence, 
it  is  now  recognized  as  of  great  importance,,  and  its  explanations 
of  every-day  phenomena  are  sought  more  and  more  for  practical 
ends. 

In  the  living  animal  world  the  encroachments  of  disease  germs 
are  guarded  against  with  a  vigilance  undreamed  of  a  generation 
ago,  and  with  a  striking  result  on  the  health  of  our  crowded  cities. 
The  study  of  the  action  of  bacteria  in  the  world  of  dead  organic 
matter  is  still  more  recent ;  nevertheless,  it  is  now  engrossing  the 
attention  of  the  foremost  scientists  of  the  age. 

The  ' '  happy  hunting  ground "  of  a  vast  and  varied  horde  of 
micro-organisms  is  milk.  In  it  as  in  very  few  other  fluids  do 
they  find  congenial  conditions  and  proper  food  for  their  rapid  de- 
velopment and  multiplication.  It  is  startling  to  consider  the 
enormous  numbers  of  the  little  plants  that  ordinary  milk  contains. 
It  is  stated  that  each  cubic  centimeter,  about  one  twenty-eighth  of 
an  ounce,  contains  numbers  varying  from  ten  thousand  to  several 
million  individuals. 

The  milkman's  problem  is  seriously  complicated  by  their  pres- 
ence. If  we  overlook  the  disease  germs  which  milk  harbors  so 
frequently,  but  which  are  now  carefully  guarded  against  by  the 
best  dairymen  and  many  civil  authorities,  the  number  of  bacteria 
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contained  normally  in  milk  is  appalling.  They  gain  entrance 
largely  in  the  stable,  —  from  the  stable  atmosphere  ;  the  dust  in 
suspension  ;  the  forage  ;  the  sides,  belly  and  udder  of  the  cow  where 
even  the  orifices  of  the  teats  are  invaded  ;  and  the  excreta,  which 
is  teeming  with  life,  and  which  often  is  not  so  carefully  removed 
from  the  sides  and  udder  of  the  cow  as  it  should  be.  If  the 
utmost  care  is  not  observed  in  cleaning  and  sterilizing  pails,  cans 
and  other  dairy  apparatus,  these,  too,  form  breeding  ground  for 
the  multiplication  of  germs,  and  for  seeding  subsequent  milkings 
with  them. 

The  effect  of  bacteria  on  milk  is  varied,  inasmuch  as  numerous 
different  forms  are  present,  the  principal  effect  being  the  fermen- 
tation or  souring  of  the  product.  Sometimes,  however,  putrefac- 
tion, red  or  blue  patches  or  a  ropy  condition  is  the  result.  The 
value  of  milk  is  dependent  in  a  great  measure  on  its  power  to  keep 
sweet  and  resist  these  undesirable  changes.  In  other  words,  the 
value  of  milk  is  in  inverse  ratio  to  the  number  of  bacteria  it  con- 
tains. Samples  of  milk  from  a  close  city  stable,  —  where  the  air 
was  foul,  the  cows  fed  largely  on  distillery  slops,  and  the  foetid 
excrements  stuck  to  the  flanks  and  quarters  of  the  cows  so  as  to 
nearly  conceal  the  hair,  —  although  removed  within  half  an  hour 
after  being  drawn,  contained  from  five  hundred  thousand  to  over 
seven  hundred  thousand  bacteria  per  cubic  centimeter,  and,  placed 
in  a  cool  room,  turned  off  flavor  and  began  to  curdle  in  ten  hours. 
On  the  other  hand,  milk  produced  under  conditions  of  health, 
cleanliness  and  care  will  keep  at  low  temperature  for  several  days. 
Cows  milked  in  open  air  give  a  better  milk  than  those  milked  in 
close  stables.  Care  in  cleaning  the  sides  and  udder  of  the  cows, 
and  dampening  these  parts  before  milking ;  immeriiate  removal  of 
milk  from  the  stable,  and  quick  cooling;  careful  cleansing  and 
sterilizing  of  milk  vessels,  exposing  them  to  sunlight  daily,  etc.,  — 
all  tell  in  the  direction  of  a  more  valuable  and  better-keeping  milk 
product. 

The  growing  favor  of  milking  machines  has  a  scientific  founda- 
tion, in  the  fact  that  they  prevent  the  exposure  of  milk  to  con- 
tamination by  germs. 

While  nearly  every  evil  we  seek  to  guard  against  in  milk  is  the 
result  of  bacterial  action,  we  are  greatly  indebted  to  many  of 
these  same  bacteria  for  valuable  qualities  in  butter.  Undesirable 
as  is  the  fermentation  and  souring  produced  by  them  in  milk,  it  is 
one  of  the  essentials  in  the  manufacture  of  choice  butter.  The 
ripening  of  cream  is  the  work  of  these  organic  ferments,  and  if 
they  are  destroyed,  or  their  development  checked,  cream  does  not 
ripen. 
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It  is  not  necessary  to  discuss  the  use  of  ripening  of  cream  or 
securing  more  complete  recovery  of  butter  fat  in  churning,  nor  is 
it  necessary  to  state  that  butter  from  ripened  cream  has  a  better 
sale  than  sweet  cream  butter.  A  little  acid  in  the  product  "  covers 
a  multitude  of  sins  "  in  flavor  and  other  qualities. 

All  butter  makers  concede  that  successful  butter  making  de- 
pends largely  on  producing  just  the  right  degree  of  ripeness. 
Ripening  is  no  more  nor  less  than  a  partial  fermentation,  brought 
about  by  bacterial  development. 

It  is  only  recently  that  the  flavor  and  aroma  of  butter  were  prop- 
erly ascribed  to  fermentation.  It  was  the  prevalent  notion  previ- 
ously that  the  flavor  of  butter  was  entirely  due  to  the  feed  of 
cows,  and  it  is  only  within  the  past  decade  that  that  idea  has  been 
proved  erroneous.  In  the  last  few  years  much  valuable  knowledge 
has  been  gained  on  the  subject  of  milk  fermentation. 

History  of  Investigation. 

The  noted  Danish  scientist,  Storch,  was  perhaps  the  first  inves- 
tigator along  these  lines.  In  1890  he  found  that  the  production 
of  a  high-class  flavor  in  butter  was  dependent  on  the  kind  of  bac- 
terial life  that  was  present  in  the  cream.  If  sweet  cream  was 
made  into  butter,  it  lacked  the  delicate  aroma  that  was  so  much 
desired.  He  studied  carefully  the  different  species  of  bacteria 
that  were  present  in  ripening  cream,  and  finally  succeeded  in  sep- 
arating a  form  that  invariably  produced  a  fine  fiavor  when  intro- 
duced into  pasteurized  cream.  These  discoveries  opened  a  new 
field  for  investigation.  That  field  has  since  been  assiduously 
cultivated  by  several  other  Danish  investigators,  by  Weigmann  in 
Germany,  and  by  Conn,  Russell  and  Keith  in  the  United  States. 

Prior  to  this  time  the  manufacturers  of  beer  had  availed  them- 
selves of  the  discoveries  of  science,  and  since  1883  a  uniform 
desirable  flavor  has  been  produced  by  the  famous  Carlsberg 
brewers,  by  using  bacterial  cultures  separated  by  Dr.  Emil  Chris- 
tian Hansen  of  Copenhagen.  Up  to  that  time  the  manufacturers  of 
beer  had  encountered  serious  troubles  in  fermentation,  which  en- 
tirely disappeared  on  the  introduction  of  pure  cultures,  and  the 
result  was  an  exceptionally  uniform  and  agreeable  flavor.  It 
appears,  then,  that  the  use  of  pure  cultures  in  butter  making  is  an 
outgrowth,  as  it  were,  of  their  use  in  the  manufacture  of  beer,  and 
that  the  latter  product  earlier  enlisted  the  investigations  of  science 
in  this  direction. 
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Practice  and  Improvement  in  Cream  Ripening. 

For  centuries  down  to  almost  the  present  time  cream  ripening 
was  a  most  liap-hazard  process,  and  butter  makers  little  thought  of 
attributing  their  failures  to  improper  fermentation.  During  the 
past  few  decades  the  tendency  has  been  strongly  in  the  direction  of 
greater  care  and  method  in  preparing  cream  for  the  churn ;  and 
practical  men  now  insist  on  cleanliness  and  prevention  of  entrance 
of  all  dirt,  dust  and  other  foreign  bodies  into  milk  and  cream,  thus 
almost  unconsciously  observing  the  precautions  that  the  teachings 
of  science  would  indicate. 

Many  butter  makers  have  gone  further  than  this,  and  secured  a 
uniformity  of  ripening,  by  adding  to  each  batch  of  cream  as  it 
comes  to  the  factory  a  little  of  -the  cream  ripened  that  day,  or  of 
the  buttermilk  from  the  last  churning.  In  this  way  those  bacteria 
which  have  habitually  produced  an  agreeable  flavor  are  seeded 
day  by  day  into  the  fresh  cream,  and  gain  ascendency  over  the 
less  desirable  forms  that  might  otherwise  predominate,  resulting 
in  a  uniformly  fine  butter. 

A  difficulty  in  the  way  of  absolute  success  with  this  method 
arises  from  the  fact  that  after  a  time  the  form  producing  agreeable 
flavors  is  liable  to  run  out  and  be  overpowered  by  one  producing 
injurious  effects ;  as,  for  instance,  a  bitter  taste  or  a  ropy  con- 
sistency, or  perhaps  more  often  a  lack  of  flavor.  This  quality  is 
transmitted  just  as  persistently  as  the  other,  and  is  often  hard  to 
get  rid  of.  The  difficulty  has  been  overcome  by  introducing  a 
fresh  ripener  from  a  neighboring  creamery,  or,  better,  from  a 
private  dairy  whose  products  are  known  to  possess  only  good 
flavors.  This  last  method  is  almost  the  final  step  towards  the 
adoption  of  a  carefully  isolated  and  purely  developed  culture  ;  and, 
such  cultures  being  on  the  market,  the  tests  herein  described  were 
made  to  determine,  if  possible,  whether  any  real  advantage  ac- 
crued from  their  use  over  ripening  cream  in  the  ordinary  way 
with  the  utmost  possible  care. 

Butter  Culture  described. 

In  our  test  four  different  ripeners  were  employed, — the  old 
natural  Lactic  Ferment,  Conn's  Bacillus  No.  41 ,  Boston  Butter 
Culture,  and  Hansen's  Lactic  Ferment. 

Of  the  first,  it  is  not  necessary  to  state  more  than  that  all  pos- 
sible care  was  observed  to  have  fermentation  take  place  in  a 
purely  normal  manner.  Our  aim  was  to  produce  a  first-class 
butter,  with  natural  ripening,  for  comparison.  The  conditions  for 
ripening  the  cream  were  at  least  as  good  as  the  average  in  cream- 
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eries  where  large  amounts  are  handled,  and  the  product  compares 
fairly,  as  will  be  seen  by  the  scores. 

The  second  kind  of  fermentation  was  started  with  the  Lactic 
Ferment,  received  from  Chr.  Hansen's  laboratory,  Little  Falls, 
N.  Y.  This  culture  is  too  well  known  to  require  comment,  having 
been  for  some  time  in  use,  and  thoroughly  tried  in  other  places. 

The  third  series  of  ripenings  were  produced  by  the  use  of 
Conn's  Bacillus  No.  41,  prepared  by  Dr.  H.  W.  Conn,  Wesleyan 
University,  Middletown,  Conn.  This  bacillus  has  been  described 
by  Dr.  Conn  in  the  Connecticut  Storrs  Station  Bulletin  No.  12,  Feb- 
ruary, 1894,  as  one  selected  by  him  from  a  large  number,  as  pro- 
ducing a  uniformly  fine,  high  flavor  in  butter,  when  introduced 
into  the  cream  before  ripening.  The  bacillus  was  obtained  at 
the  World's  Columbian  Exposition  in  1893,  from  a  sample  of 
"preserved  milk"  from  Uruguay,  which  had  become  quite  bitter. 

The  other  culture  used  in  the  test  was  the  Boston  Butter  Culture, 
received  from  Mr.  O.  Douglas,  Boston,  Mass.,  separated  in  1896 
by  Mr.  S.  C.  Keith  for  Massachusetts  Institute  of  Technology. 
This  last  named  is  newer  to  the  trade,  having  been  first  placed  on 
the  market  less  than  a  year  ago,  and  not  having,  therefore,  as  yet 
been  given  a  thoroughly  comparative  test.  The  following  state- 
ment from  Mr.  Keith  is  descriptive  of  this  culture  :  — 

This  culture  was  isolated  from  a  mixture  of  bacteria  growing  in  an 
agar  tube  in  April,  1896.  At  that  time  I  was  making  a  study  of  the 
effects  various  bacteria  had  on  cream,  and  in  the  course  of  my  experi- 
ments found  that  this  bacterium  (which  I  have  since  named  Micrococcus- 
butyri-aroma  faciems)  produced  a  decided  flavor  and  aroma  when  grown 
in  milk  or  cream. 

This  bacterium  is  similar  in  i-espeet  to  its  action  on  milk  to  the  one 
described  by  Prof.  H.  W.  Conn  in  Storrs  Agricultui'al  Experiment  Station 
Report  as  "  Bacillus  jSTo.  41 "  but  it  is  radically  different  from  the  latter 
in  its  morphology  and  biology,  being  a  micrococcus  growing  at  37°  C, 
and  20°,  slowly  liquefying  gelatine,  and  not  growing  well  on  potato. 

Our  bacteriologist.  Dr.  Jas.  B.  Paige,  found  the  culture  as 
placed  on  the  market  for  ripening  cream  entirely  free  from  foreign 
forms,  and  pure. 

Claims  for  Pure  Culture. 

The  claims  made  by  the  manufacturers  of  cultures  for  ripening 
cream  are  these  :  — 

1.  Uniformity  of  Butter.  —  As  the  same  organisms  are  propa- 
gated from  day  to  day  and  renewed  from  week  to  week,  the  flavor 
of  butter  must  remain  uniform  and  constant  throughout  the  year. 
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2.  Increase  in  Flavor.  —  Not  only  is  the  flavor  uniform  during 
the  entire  twelve  months,  but  a  quick,  high  flavor,  so  much  prized, 
is  secured.  The  flavor  of  "June  butter"  maybe  thus  enjoyed 
during  the  entire  year. 

3.  Improving  the  Keeping  Quality.  —  Contrary  to  the  results  of 
tests  made  by  scientists,  indicating  that  a  high  flavor  is  short-lived, 
and  accompanies  poor  keeping  qualities,  the  producers  of  these 
cultures  claim  a  better  keeping  quality  for  butter  made  by  their 
use. 

Although  no  tests  have  yet  been  previously  reported  for  all  the 
cream  ripeners  herein  described,  some  very  valuable  tests  have 
been  made  for  some  of  them,  and  especially  for  Bacillus  No.  41. 

Previous  Experiments. 

Dr.  H.  W.  Conn,  in  Storrs  Experiment  Station  Report  for  1894, 
has,  in  addition  to  an  instructive  discussion  of  the  theory  of  cream 
ripening,  the  results  of  numerous  practical  tests  of  Bacillus  No.  41 
in  Connecticut  butter  factories,  in  which  the  majority  of  results 
were  favorable  to  that  bacterium. 

The  Wisconsin  Experiment  Station  Report  for  1895  contains 
the  details  of  a  very  thorough  and  extended  experiment,  conducted 
by  Professors  Farrington  and  Russell,  to  determine  whether  the 
claims  of  producers  of  butter  cultures  are  sustained,  or  not,  result- 
ing in  these  conclusions  :  — 

1.  Cultures  of  Conn's  Bacillus  No.  41  did  not  improve  the 
flavor  of  butter  either  from  separator  cream  or  gathered  cream. 
On  the  contrary,  there  was  a  perceptible  difference  in  favor  of 
natural  ripening. 

2.  With  separator  cream,  butter  in  cold  storage  that  was  made 
with  Bacillus  No.  41  deteriorated  less  than  did  normal  butter ; 
and,  although  the  latter  scored  somewhat  higher  when  fresh,  it 
scored  slightly  lower  when  taken  from  cold  storage. 

3.  From  gathered  cream,  the  use  of  Bacillus  No.  41  produced 
no  advantage  in  keeping  quality  of  its  butter. 

4.  There  was  little  difference  in  the  uniformity  of  Bacillus  No. 
41  or  the  natural  ripening,  what  there  was  being  in  favor  of  the 
latter. 

Massachusetts  Dairy  School  Experiment. 

At  the  Massachusetts  Dairy  School  in  the  winter  of  1896,  in  a 
single  careful  test  of  natural  ripening.  Bacillus  No.  41  and  Lactic 
Ferment,  under  almost  identical  conditions  of  management  and 
churning,  the  Bacillus  No.  41  was  judged  to  have  produced  the 
best  flavor,  although  some  doubt  was  expressed  as  to  the  results. 
The  following  tests  were  carried  out  by  Mr.  H.  C.  Burrington  of 
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Charlemont,  Mass.,  and  Mr.  F.  W.  Carpenter  of  Waupun,  Wis., 
and  the  Massachusetts  Dairy  School,  under  my  supervision,  during 
the  winter  of  1897.  The  cream  was  all  produced  by  use  of  the 
separators,  and  contained  a  uniform  percentage  of  fat,  —  about  30 
per  cent.  It  was  set  at  about  65°  F.,  and  allowed  to  ripen  for 
twenty-four  hours  to  a  uniform  acidity,  —  about  .4  per  cent.  It 
was  then  churned  in  a  barrel  churn  at  58°— 60°  F.,  worked  to  a 
uniform  dryness,  salted  seven-eighths  of  an  ounce  to  the  pound, 
put  away  to  stand  twenty-four  hours,  reworked  and  printed. 

Identical  conditions  were  observed  in  the  different  lots,  as  far 
as  possible,  and  the  comparisons  were  remarkably  good,  as  far  as 
uniformity  of  circumstances  was  concerned. 

All  the  tests  were  made  in  pairs,  and  continued  for  five  days. 
Fresh'  starters  were  made  and  put  into  the  first  batch  of  cream ; 
from  this  the  next  was  seeded,  and  so  on  for  five  days.  A  churn- 
ing of  each  successive  day  was  made,  worked  and  printed.  The 
prints  were  carefully  put  away  under  number,  and  at  the  end  of 
five  days  one  pound  of  each  of  the  five  churnings  from  both  lots 
was  sent  away  to  be  scored  under  cipher  numbers  by  two  experts. 
Mr.  Orrin  Douglas  of  Boston  had  charge  of  the  scoring,  being 
assisted  by  Mr.  Harris  in  most  cases.  Their  scores  were  each 
made  independently,  without  consulting  the  other's  judgment. 

The  different  cultures  were  paired  as  follows  :  — 

First  week,  five  churnings,  Conn's  Bacillus  No.  41  v.  natural  ripening. 
Second  week,  five  churnings.  Conn's  Bacillus  No.  41  v.  Boston  Butter 

Culture. 
Third  week,  five  churnings,  Boston  Butter  Culture  v.  natural  ripening. 
Fourth  week,  five  churnings,  Boston  Butter  Culture  v.  Lactic  Ferment. 
Fifth  week,  five  churnings,  Hansen's  Lactic  Ferment  v.  natural  ripening. 
Sixth  week,  five  churnings,  Hansen's  Lactic  Ferment  v.  Conn's  Bacillus 

No,  41. 

In  no  instance  did  the  scorers  know  the  method  of  ripening,  or 
have  a  key  to  the  numbers  of  the  samples  to  be  scored ;  and  in 
each  case  the  samples  of  compared  methods  of  ripening  extended 
over  five  days  and  through  five  successive  churnings,  so  that  the 
averages  of  conditions  were  practically  identical.  The  following 
scores  were  made  on  the  different  lots.  Flavor  only  was  consid- 
ered in  scoring,  45  points  for  perfect :  — 

First   Week. 
Average  score  on  flavor  of  five  churnings  by  two  different  judges 
(separate  scores  not  returned  the  first  time)  :  — 

Conn's  Bacillus  No.  41, 39.00 

Natural  ripening, 37.00 
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Second  Week. 


With  Conn's  BAciLLas 
No.  41. 

With  Boston  Butter 

CnLTUBE. 

Douglas. 

Harris. 

Douglas. 

Harris. 

First  day. 
Second  day, 
Third  day. 
Fourth  day. 
Fifth  day. 

41.00 
40.00 
42.00 
40.00 
40.00 

39.50 

39.00 
40.00 
39.50 
89.00 

38.00 
38.00 
38.00 
42.00 
38.00 

86.00 
38.00 
39.00 
39.00 
38.00 

Averages, . 

40.60 

39.40 

38.80 

38.00 

General  averages,     . 

40.00 

38.40     . 

Third  Week. 


With  Boston  Butter 
Culture. 

With  Natukal  Kipeninq. 

Harris. 

Fales. 

Harris. 

Fales. 

First  day, 
Second  day. 
Third  day,        . 
Fourth  day. 
Fifth  day. 

42.00 

40.00 
40.00 
41.00 
40.50 

40.00 

40.50 
41.00 
39.50 
41.00 

40.00 
40.00 
41.00 
89.50 
40.00 

39.00 
40.00 
41.00 
41.00 
39.00 

Averages, . 

40.70 

40.40 

40.10 

40.00 

General  averages,     . 

40.55 

40.05 

Fourth  Week. 


With  Boston 

With  Hansen's 

Butter  Culture. 

Lactic  Ferment. 

Douglas. 

Douglas. 

First  day, 

41 

00 

37 

00 

Second  day, 

39 

00 

39 

00 

Third  day, 

40 

.50 

38 

00 

Fourth  day, 

39 

50 

40 

00 

Fifth  day, 

40 

50 

37 

50 

Averages, 

40 

10 

38 

30 
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Fifth  Week. 


With  Hansen's  Lactic 
Ferment. 

With  Natckal  Ripening. 

Harris. 

Bent. 

Harris. 

Bent. 

First  day. 
Second  day, 
Third  day, 
Fourth  day. 
Fifth  day. 

40.00 
39.00 
40.00 
40.00 
39.50 

40.00 

40.00 
40.00 
38.00 
40.50 

39.00 
39.00 
38.00 
39.00 
39.50 

39.00 
40.00 
39.50 
40.00 
39.00 

Averages, . 

39.70 

39.70 

38.90 

39.50 

General  averages,     . 

39.70 

39.20 

Sixth  Week. 


First  day, 
Second  day, 
Third  day. 
Fourth  day. 
Fifth  day, 


Averages, . 
General  averages. 


With  Lactic  Fbbment. 


Douglas. 


38.50 
39.00 
38.00 
41.00 
38.00 


38.90 


37.50 
38.75 
.38.00 
41.00 
38.00 


38.65 


38.77 


With  Bacillus  No.  41. 


Douglas. 


39.00 
87.00 
38.50 
37.00 
38.00 


37.90 


39.00 
38.00 
38.50 
37.50 
38.00 


38.20 


38.05 


The  averages  of  all  these  scores  under  the  ripening  cultures  (they 
represent  twenty-five  scores  for  each  culture)  are  as  follows  :  — 

Boston  Butter  Culture, 39.68 

Conn's  Bacillus  No.  41, 39.02 

Hansen's  Lactic  Ferment, 38 .  93 

Natural  ripening, 38.75 

The  extreme  scores  for  each  culture  make  it  evident  that  the 
claims  on  the  part  of  the  producers  of  the  cultures  that  they 
produce  greater  uniformity  in  butter  are  not  sustained.  Natural 
ripening  gives  no  greater  variation  than  the  most  uniform  of  the 
cultures,  as  seen  below  :  — 

Maximum.    Minimum. 

Boston  Butter  Culture, 42  36 

Conn's  Bacillus  No.  41, 42  37 

Hansen's  Lactic  Ferment,         ....  41  37 

Natural  ripening, 41  37 
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The  conclusions  we  would  draw  from  the  tests  are  :  — 

1.  That  Boston  Butter  Culture,  Conn's  Bacillus  No.  41  and 
Hansen's  Lactic  Ferment  appear  to  be  slightly  superior  to  natural 
ripening  in  their  effect  on  the  flavor  of  butter. 

2.  That  this  improvement  is  most  marked  with  the  Boston 
Butter  Culture,  Conn's  Bacillus  No.  41  ranking  second. 

3.  That  the  advantage  of  using  pure  cultures  is  small,  if  any. 

4.  That  in  uniformity  of  product  none  of  the  pure  cultures 
showed  any  advantage  over  natural  ripening.  The  lack  of  uni- 
formity with  each  of  the  methods  was  probably  aggravated  by  the 
inexperienced  butter  makers  who  performed  the  work.  Dairy 
students  did  nearly  all  of  the  work  of  the  test. 

5.  It  was  thought  by  those  in  charge  of  the  test  that  a  more 
decided  superiority  over  normal  butter  of  butter  from  Conn's 
Bacillus  No.  41  and  Boston  Butter  Culture  was  more  apparent 
a  few  days  after  the  butter  was  made  than  when  it  was  fresh. 
This  is  an  important  fact,  and  wants  the  confirmation  of  expert 
judgment. 
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OP  THE 

MASSACHUSETTS  AGRICULTURAL   COLLEGE, 

AMHERST,  MASS. 


By  act  of  the  General  Court,  the  Hatch  Experiment 
Station  and  the  State  Experiment  Station  have  been  con- 
solidated under  the  name  of  the  Hatch  Experiment  Station 
of  the  Massachusetts  Agricultural  College.  Several  new 
divisions  have  been  created  and  the  scope  of  others  has 
been  enlarged.  To  the  horticultural  has  been  added  the 
duty  of  testing  varieties  of  vegetables  and  seeds.  The 
chemical  has  been  divided,  and  a  new  division,  "Foods  and 
Feeding,"  has  been  established.  The  botanical,  including 
plant  physiology  and  disease,  has  been  restored  after  tem- 
porary suspension. 

The  officers  are  :  — 


Henry  H.  Goodell,  LL.D., 

WiLLiABi  P.  Brooks,  Ph.D., 

George  E.  Stone,  Ph.D., 

Charles  A.  Goessmann,  Ph.D.,  LL.D., 

Joseph  B.  Lindset,  Ph.D., 

Charles  H.  Fernald,  Ph.D., 

Samuel  T.  Matnard,  B.Sc, 

J.  E.  Ostrander,  C.E., 

Henry  M.  Thomson,  B.Sc, 

Ralph  E.  Smith,  B.Sc, 

Henri  D.  Haskins,  B.Sc, 

Charles  I.  Goessmann,  B.Sc, 

Samuel  W.  Wiley,  B.Sc, 

Edward  B.  Holland,  M.Sc, 

Fred  W.  Mossman,  B.Sc, 

Benjamin  K.  Jones,  B.Sc, 

Philip  H.  Smith,  B.Sc, 

Robert  A.  Cooley,  B.Sc, 

George  A.  Drew,  B.Sc, 

Herbert  D,  Hemenway,  B.Sc, 

Arthur  C.  Monahan, 


Director. 

Agriculturist. 

Botanist. 

Chemist  (fertilizers) . 

Chemist  (foods  and  feeding) . 

Entomologist. 

Horticulturist. 

Meteorologist. 

Assistant  Agriculturist. 

Assistant  Botanist. 

Assistant  Chemist  (fertilizers).  ■ 

Assistant  Chemist  (fertilizers). 

Assistant  Chemist  (fertilizers). 

First  Chemist  (foods  and  feeding) . 

Assistant  Chemist  (foods  and  feeding). 

Assistant  Chemist  (foods  and  feeding). 

Assistant  in  Foods  and  Feeding. 

Assistant  Efitomologist. 

Assistant  Horticulturist. 

Assistant  Horticulturist. 

Observer. 
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The  co-operation  and  assistance  of  farmers,  fruit  growers, 
horticulturists  and  all  interested,  directly  or  indirectly,  in 
agriculture,  are  earnestly  requested.  Communications  may 
be  addressed  to  the  "  Hatch  Experiment  Station,  Amherst, 
Mass." 

The  following  bulletins  are  still  in  stock  and  can  be 
furnished  on  demand  :  — 

No.  27.     Tuberculosis  in  college  herd ;   tuberculin  in  diagnosis ; 

bovine  rabies  ;  poisoning  by  nitrate  of  soda. 
No.  33.     Glossary  of  fodder  terms. 
No.  35.     Agricultural  value  of  bone  meal. 
No.  37.     Report  on  fruits,  insecticides  and  fungicides. 
No.  41.     On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 
No.  42.     Fertilizer  analyses ;  fertilizer  laws. 
No.  43.     Effects  of  electricity  on  germination  of  seeds. 
No.  45.     Commercial    fertilizers ;    fertilizer   analyses ;    fertilizer 

laws. 
No.  46.     Habits,  food  and  economic  value  of  the  American  toad. 
No.  47.     Field  experiments  with  tobacco. 
No.  48.     Fertilizer  analyses. 
No.  49.     Fertilizer  analyses. 
No   50.     The  feeding  value  of  salt-marsh  hay. 
No.  51.     Fertilizer  analyses. 

No.  52.     Variety  tests  of  fruits  ;  spraying  calendar. 
No.  53.     Concentrated  feed  stuffs. 
No.  54.     Fertilizer  analyses. 
No.  55.     Nematode  worms. 
No.  56.     Concentrated  feed  stuffs. 
No.  57.     Fertilizer  analyses. 
Special  bulletin,  —  The  brown-tail  moth. 
Index, 1888-95. 

Of  the  other  bulletins,  a  few  copies  remain,  which  can 
only  be  supplied  to  complete  sets  for  libraries. 

New  methods  and  new  appliances  in  the  feeding  and  care 
of  animals  and  plants  have  opened  up  new  problems,  and 
the  demands  made  upon  the  station  have  taxed  it  to  its 
uttermost.  Briefly  summarizing  the  work  of  the  year,  we 
find  it  distributed  as  follows  :  in  the  division  of  foods  and 
feeding  a  new  feature  has  been  added,  viz.,  regulating  the 
sale    of  concentrated    feed    stuflTs.     There    have    been    663 
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analyses  of  these  materials  made,  292  of  fodder  and  420  of 
dairy  products.  In  an  investigation  of  Cleveland  flax  meal 
V.  old-process  linseed  meal  for  feeding  early  lambs,  it  was 
found  that  no  injurious  results  followed  from  the  use  of  flax 
meal,  and  that  there  was  the  same  average  daily  growth  of 
the  lambs  on  either  ration ;  in  an  experiment  of  corn  meal 
V.  hominy  meal  and  corn  meal  v.  cerealine  feed  for  growing 
pigs,  it  was  found  that  the  corn  meal  was  five  to  ten  per 
cent,  more  valuable  than  cerealine  feed  used  in  connection 
with  skim-milk,  while  hominy  meal  was  quite  as  valuable 
as  corn  meal  in  connection  with  skim-milk. 

In  the  entomological  division,  besides  the  special  work 
in  connection  with  the  gypsy  moth,  attention  has  been  paid 
to  combining  the  arsenate  of  lead  and  the  Bordeaux  mix- 
ture, with  favorable  results.  The  life  histories  and  habits 
of  two  pernicious  insects  have  been  worked  out,  —  the  grass 
thrips,  particularly  destructive  in  this  State,  and  the  small 
clover-leaf  beetle  (^Phytonomus  nigrirostris) .  The  perni- 
cious scale  insects  (Chionaspis)  have  also  been  carefully 
studied,  and  the  results  will  soon  be  published. 

The  horticultural  division  has  continued  its  work  of  test- 
ing varieties  of  fruits,  domestic  and  foreign,  suitable  for 
this  State,  and  its  investigation  of  hydrocyanic  acid  as  an 
insecticide. 

The  division  of  fertilizers  has  made  five  hundred  and 
fifty-two  analyses ;  has  conducted  experiments  on  the  use 
of  concentrated  chemical  manures  to  supply  plant  food  in 
greenhouses,  combinations  of  high-grade  fertilizers  for 
garden,  greenhouse  and  pot  cultivation ;  and  has  made 
observations  with  dried  blood  and  two  kinds  of  leather 
refuse  as  a  source  of  nitrogen  for  growing  rye  in  presence 
of  acid  and  alkaline  phosphates. 

The  agricultural  division,  in  addition  to  its  soil  tests  with 
corn,  onions,  oats,  etc.,  has  undertaken  the  testing  of  seeds 
of  the  same  variety  of  potatoes  raised  in  diflferent  localities, 
finding  a  variation  of  fifty  per  cent,  in  Early  Rose  and 
Beauty  of  Hebron.  In  experiments  with  poultry  the  fol- 
lowing results  were  obtained  with  reference  to  egg  produc- 
tion :    (a)  that  condition  powders  had  no  efiect;   (b)  that 
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animal  meal  was  of  more  value  than  cut  bone  ;  (c)  that  the 
influence  of  the  cock  was  nil;  (d)  that  a  wide  ration  was 
preferable  to  a  narrow  ration. 

The  botanical  division  has  issued  an  illustrated  bulletin 
(No.  55)  on  the  nematode  worm,  in  which  its  life  history 
is  traced,  and  a  simple  remedy,  steaming  the  soil,  given  for 
its  repression.  Work  has  been  done  in  the  drop  and  top 
burn  of  lettuce,  asparagus  and  chrysanthemum  rust,  and  in 
sub-irrisation  and  the  mechanical  condition  of  soil  as  afiect- 
ing  the  growth  of  lettuce. 

Reports  from  the  different  divisions,  giving  in  detail  the 
work  of  the  year,  accompany  this  brief  summary. 
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ANNUAL  KEPORT 

Of  George  F.  Mills,  Treasurer  of  the  Hatch  Experiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Year  ending  June  30, 1898. 


Cash  received  from  United  States  treasurer, 


Cash  paid  for  salaries, 

for  labor, 

for  publications,     .... 

for  postage  and  stationery,  . 

for  freight  and  express, 

for  heat,  light  and  water, 

for  seeds,  plants  and  sundry  supplies, 

for  fertilizers,         .... 

for  feeding  stuflfs, .... 

for  library, 

for  tools,  implements  and  machinery, 

for  furniture  and  fixtures,     . 

for  scientific  apparatus, 

for  live  stock,        .... 

for  traveling  expenses, 

for  contingent  expenses, 

for  building  and  repairs, 


Cash  on  hand  July  1,  1897,    . 

Received  from  State  treasurer, 
from  fertilizer  fees, 
from  farm  products, 
from  miscellaneous  sources. 


f  15,000  GO 


$4,443  00 
3,605  36 
2,885  54 
235  56 
355  49 
130  .17 
448  72 
285  86 
141  17 
244  78 
250  00 
105  19 
228  36 
901  00 
220  00 
80  65 
439  15 


Cash  paid  for  salaries,  . 
for  labor, 
for  publications,    . 
for  postage  and  stationery, 
for  freight  and  express, 

Amount  carried  forward. 


$19  73 

11,200 

00 

3,278  75 

1,763 

86 

1,663 

45 

«17  Q9.f;  7Q 

$8,901  77 

3,167 

18 

708 

27 

236 

16 

154 

97 

$13,168  35 
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Amount  brought  forward,        .         .        .        $13,168  35 

Cash  paid  for  heat,  light  and  water, 
for  chemical  supplies,  . 
for  seeds,  plants  and  sundry  supplies, 
for  feeding  stuflFs, .... 

for  library, 

for  tools,  implements  and  machinery, 

for  furniture  and  fixtures,     . 

for  scientific  apparatus, 

for  live  stock,         .... 

for  traveling  expenses, 

for  contingent  expenses, 

for  building  and  repairs. 


.   549  44 

.   958  54 

.   368 

02 

.   592 

46 

.   191 

10 

34 

49 

40 

23 

.   187 

11 

.   313  50 

.   356 

73 

.   163 

96 

.  1,001 

86 

$17,925  79 


I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby  certify 
that  I  have  examined  the  books  and  accounts  of  the  Hatch  Experiment  Station  of 
the  Massachusetts  Agricultural  College  for  the  fiscal  year  ending  June  30, 1898 ;  that 
I  have  found  the  books  well  kept  and  the  accounts  correctly  classified  as  above ;  and 
that  the  receipts  for  the  year  are  shown  to  be  $32,925.79,  and  the  corresponding  dis- 
bursements $32,925.79.  All  the  proper  vouchers  are  on  file,  and  have  been  by  me 
examined  and  found  to  be  correct,  there  being  no  balance  on  accounts  of  the  fiscal 
year  ending  Jane  30,  1898. 

CHARLES   A.  GLEASON, 

Auditor. 
Amhekst,  Aug.  31,  1898. 
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KEPORT    OF    THE    METEOROLOGIST. 


JOHN  E.   OSTRANDER, 


During  the  year,  as  in  previous  years,  the  meteorological 
division  has  been  principally  engaged  in  the  observations 
of  the  various  weather  elements  and  phenomena,  and  the 
compilation  of  the  records  in  permanent  form.  The  more 
important  results,  together  with  summaries  of  most  of  the 
others,  have  been  published,  as  heretofore,  in  bulletin  form 
each  month.  The  usual  summary  of  the  weather  for  the 
year  will  be  issued  when  the  records  are  completed. 

The  records  of  the  division  were  begun  with  the  year 
1889  ;  accordingly,  this  year  completes  the  first  decennial 
period.  A  tabulation  of  the  results  for  the  whole  period 
is  under  way,  for  use  in  determining  the  means  of  the 
several  weather  elements  at  this'  station.  These  results 
should  give  normal  conditions  differing  but  little  from 
those  that  may  afterward  be  deduced  from  observations 
covering  a  much  longer  time,  and  will  be  found  valuable 
for  the  purpose  of  determining  departures  from  mean  con- 
ditions in  the  future.  The  tables  are  being  arranged  in  a 
suitable  form  for  publication,  so  that  they  may  be  issued  in 
bulletin  form,  if  it  is  thought  desirable. 

While  the  self-recordino;  instruments  in  the  tower  ffive 
generally  good  results,  the  records  of  the  sun  thermometer 
are  lacking  in  precision.  Cold-air  currents  and  variable 
wind  velocities  give  at  times  records  which  cannot  be 
distinguished  from  those  due  to  cloudiness.  The  desira- 
bility of  having  a  photographic  or  an  electrical  sunshine 
recorder,  for  use  in  conjunction  with  the  Draper  instrument, 
is  suggested. 

The  local  forecasts  of  the  weather  have  been  received 
daily,  except  Sunday,  from  the  Boston  office  of  the  United 
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States  Weather  Bureau,  and  the  signals  displayed  on  the 
top  of  the  tower.  At  the  request  of  Mr.  J.  W.  Smith, 
director  of  the  New  England  section  of  the  United  States 
Weather  Bureau,  this  division  has  arranged  to  furnish  his 
office  the  weekly  snow  reports,  as  has  been  done  the  past 
few  years.  The  record  of  the  number  of  days  of  sleighing, 
begun  by  Professor  Metcalf,  is  being  continued. 

During  the  year  attempts  were  made  to  secure  some  rec- 
ords of  atmospheric  electricity  by  using  the  quadrant  elec- 
trometer in  the  tower,  but  without  success.  The  extreme 
sensitiveness  of  the  instrument  seems  to  preclude  its  working 
at  any  such  height  from  the  ground,  where  it  is  necessarily 
subjected  to  the  vibrations  of  the  building.  Unless  a  suit- 
able location  and  mounting  can  be  provided  elsewhere,  the 
records  it  was  intended  to  secure  cannot  be  obtained  with 
any  degree  of  success. 

During  the  year  the  division  purchased  one  of  the  resist- 
ance boxes  made  after  the  design  of  Prof.  Milton  Whitney, 
of  the  Division  of  Soils,  United  States  Department  of  Agri- 
culture, for  the  purpose  of  continuing  the  examination  of 
soil  moisture  by  the  electrical  method.  The  electrodes 
could  not  be  obtained  from  the  manufacturer  until  early 
in  June,  and  then  a  number  proved  defective.  Others 
were  loaned  us  later  by  the  Department  at  Washington 
for  continuing;  the  work.  The  results  obtained  have  been 
even  less  satisfactory  than  those  of  last  year.  An  examina- 
tion of  the  electrodes  in  the  soil  showed  in  some  cases  short 
circuits  to  have  been  produced  by  the  growth  of  roots  across 
the  face ;  in  other  cases  no  cause  could  be  found  for  unusual 
changes  in  the  resistance.  A  continuation  of  the  experiment 
another  year  may  perhaps  furnish  more  satisfactory  results, 
or  reveal  the  causes  of  some  abnormal  fluctuations. 


1899.]  PUBLIC  DOCUMENT  — No.  31.  91 


KEPORT  OF  THE   HORTICULTURIST. 


SAMUEL  T.   MAYNARD. 


The  work  of  this  division  during  the  past  year  has  been 
carried  on  in  about  the  same  lines  as  for  the  year  of  1897. 

Of  the  experiments  conducted,  variety  testing  of  fruits, 
vegetables,  flowers,  etc.,  has  occupied  considerable  atten- 
tion. This  work  has  been  undertaken  largely  in  response 
to  the  constant  calls  from  the  people  to  know  the  value  of 
widely  advertised  new  varieties  put  upon  the  market  with 
extravagant  claims  of  merit  and  at  exorbitant  prices,  nine- 
tenths  or  perhaps  ninety-nine-hundredths  of  which  prove 
of  less  value  than  the  old  established  sorts. 

Feuit  Investigations. 
The  Apple. 
With  each  succeeding  year  the  fact  is  more  and  more  clear 
that  old  varieties,  from  the  many  conditions  of  cultivation, 
from  increased  injury  by  insects  and  fungous  pests,  grow 
more  feeble  and  are  more  and  more  subject  to  the  continued 
action  of  the  above  agencies ;  and  that  new  varieties  must 
be  found,  that  can  be  more  easily  and  cheaply  grown,  or 
that  will  meet  the  demand  for  fruit  of  better  quality.  The 
Baldwin  apple,  for  so  long  a  time  the  most  profitable  and 
satisfactory  variety  for  market,  has  in  many  places  in  the 
last  two  or  three  years  shown  so  great  a  tendency  to  the 
dry-rot  spots  under  the  skin,  long  before  its  normal  time 
for  the  breaking  down  of  its  tissues  in  the  process  of  ripen- 
ing, that  much  of  its  fruit  put  on  the  market  has  had  the 
eflfect  of  decreasing  the  demand  and  lowering  the  price ; 
while  the  Ben  Davis,  not  nearly  as  good  in  quality,  but 
firm,  fresh  and  solid  from  skin  to  core,  has  been  sold  in  our 
local  markets  to  the  exclusion  of  the  home  product. 
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The  varieties  of  apples  tested  here  and  in  many  other 
sections,  that  stand  out  prominently  as  possessing  those 
qualities  that  will  enable  them  to  successfully  compete  with 
the  winter  varieties  shipped  to  our  markets  from  other 
States,  are  the  Sutton  Beauty,  Palmer,  Macintosh  Red,. 
Wealthy  and  Gano. 

Sutton  Beauty. — Much  superior  in  quality  to  the  Bald- 
win ;  is  of  similar  color,  perhaps  not  quite  as  large  unless 
thinned,  and  has  not  shown  the  dry-rot  spots  so  common 
in  the  latter  variety.  The  tree  is  vigorous  and  compact 
in  growth,  generally  with  strong,  healthy  foliage,  and  so 
prolific  as  to  require  thinning.  For  local  trade  it  is  one 
of  the  best. 

Palmer.  — An  apple  of  medium  to  large  size,  of  a  golden- 
yellow  color  when  grown  on  trees  in  the  full  exposure  of 
sunlight,  but  of  a  green  color  if  grown  on-  closely  planted 
trees.  It  is  of  the  best  quality,  tender,  crisp  and  rich. 
Being  an  apple  of  light  color  and  tender  flesh,  it  should  be 
handled  very  carefully  when  gathered,  and  sold  in  bushel 
boxes,  in  which  it  will  not  be  subjected  to  much  pressure  or 
jolting. 

Macintosh  Red.  —  This  is  one  of  the  most  beautiful  of 
late  fall  and  early  winter  apples,  and,  as  far  as  it  has  been 
tested  in  Massachusetts,  has  done  well,  and  promises  to 
secure  much  of  the  trade  for  fancy  apples  that  demands 
such  varieties  as  the  Fameuse,  or  Snow  apple,  which  is  not 
successfully  grown  in  this  State. 

Wealthy.  —  Generally  this  variety  has  proved  very  satis- 
factory, but  has  only  been  grown  on  young  trees.  Its 
season  of  ripening  is  when  there  is  an  abundance  of  fall 
apples,  but  it  often  keeps  into  early  winter.  It  colors  up 
early,  and  its  beauty,  together  with  its  fine  quality  and 
somewhat  elastic  texture,  not  easily  bruised,  makes  it  a 
good  market  variety,  and  should  make  it  valuable  as  an  early 
shipping  apple  with  which  to  open  the  fall  trade  in  European 
markets,  which  in  the  past  has  been  greatly  injured  by 
shipping  half-ripe  and  poorly  colored  Baldwins,  and  other 
varieties  not  as  well  colored  or  matured  as  the  latter  variety. 
It  has  thus  far  proved  prolific,  an  early  bearer  and  free  from 
disease,  but  will  be  greatly  improved  by  thinning. 
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Ben  Davis.  —  It  has  been  stated  on  good  authority  that 
more  of  this  variety  were  sold  in  the  Boston  markets  and 
on  fruit  stands  during  the  winter  of  1897  than  of  any  other 
kind,  almost  the  entire  amount  of  which  were  imported 
from  the  western  States.  In  quality  and  beauty  this  apple 
is  far  below  any  of  the  varieties  above  mentioned ;  yet  its 
perfect  form,  uniform  size,  good  keeping  qualities,  and 
its  very  firm,  but  somewhat  elastic  flesh,  render  it  less 
affected  by  handling  and  shipping  than  almost  any  variety 
in  cultivation.  It  is  very  productive,  but,  as  grown  in  New 
England,  unless  thinned,  will  be  of  medium  or  small  size. 
From  its  behavior  thus  far  it  would  seem  that,  if  a  variety 
of  so  poor  quality  is  to  be  demanded  by  our  markets,  it 
may  be  grown  quite  as  successfully  in  many  sections  of  the 
State  as  in  any  other  section  of  the  country.  This,  how- 
ever, is  not  necessary ;  for,  if  the  previously  named  varie- 
ties are  well  grown,  there  will  be  no  difficulty  in  securing 
the  local  markets  for  them,  if  they  are  properly  sorted  and 
delivered. 

Gano.  —  This  variety  was  introduced  as  an  improved  Ben 
Davis,  and,  as  far  as  tested,  has  proved  superior  to  that 
variety  in  color,  and  perhaps  to  a  very  slight  degree  in 
quality.  As  yet  it  has  only  been  produced  on  young  trees, 
so  that  its  real  value  cannot  be  determined  without  many 
years'  further  trial. 

Pears. 
With  the  large  number  of  kinds  of  choice  fruit  that  is 
now  competing  with  the  fruit  grown  in  New  England,  the 
pear  seems  to  be  less  in  demand  than  formerly.  Fewer 
varieties  also  are  found  profitable  than  a  few  years  ago.  Of 
those  that  stand  at  the  head  of  the  list,  the  Bartlett,  Bosc, 
Sheldon,  Seckle  and  Hovey  are  the  most  generally  grown 
and  bring  the  highest  prices. 

Peaches. 

The  interest  in  peach  growing  in  this  State  seems  on  the 

increase,  and  the  o;rowers  are  comino;  to  see  that  it  is  use- 

less    to    plant  the  peach  for  profit  except   on  high  land, 

•where  a  moderately  vigorous  growth  can  be  maintained,  and 
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where  the  temperature  is  such  that  the  fruit  buds  mature 
more  fully  and  are  not  so  liable  to  be  destroyed  by  extreme 
cold.  The  varieties  that  are  popular  in  the  market  and  that 
are  most  profitably  and  successfully  grown  are  Crawford's 
Early,  Crawford's  Late,  Old  Mixon,  Elberta  and  Crosby. 
All  of  these  varieties  except  the  Elberta  have  long  been 
grown  in  Massachusetts.  The  latter  is  an  oval  peach  of 
large  size  and  of  a  light-yellow  color,  with  more  or  less 
color  on  the  exposed  side.  It  is  generally  hardy  and  pro- 
ductive, but  the  past  season,  in  a  great  many  sections  of 
this  and  other  States,  was  so  seriously  injured  by  the  "  leaf 
curl "  as  to  endanger  its  vitality.  Should  it  continue  to  be 
attacked  by  this  disease,  it  will  not  long  remain  a  profitable 
variety. 

Plums. 
Many  growers  of  this  fruit  in  the  State  have  become  dis- 
couraged from  the  lack  of  profit  in  the  domestic  plum,  on 
account  of  the  black  knot,  plum  curculio,  leaf  blight  and 
brown  rot.  The  results  obtained  in  the  station  orchards 
give  no  reason  for  such  discouragement.  Trees  of  all  ages, 
from  thirty  years  old  to  those  of  one  or  two  years'  growth, 
may  be  found,  and  almost  every  variety  of  any  value  is  rep- 
resented. Upon  these  trees  will  be  found  hardly  a  knot  to 
the  tree.  No  leaf  blight  appeared  on  the  majority  of  the 
trees,  and  many  varieties  matured  their  fruit  with  little 
or  no  injury  from  the  brown  rot,  while  a  few  others  were 
seriously  injured.  In  the  average  season  the  use  of  the  Bor- 
deaux mixture,  as  recommended  in  the  spraying  calendar 
in  Bulletin  52,  has  been  found  to  prevent  even  the  serious 
injury  of  the  fruit  by  the  brown  rot ;  and  the  past  season, 
had  one  or  two  applications  of  the  copper  sulphate  solution 
(one-fourth  pound  to  fifty  gallons  of  water)  been  made  the 
last  of  July  or  in  early  August,  this  loss  might  have  been 
greatly  reduced.  The  black  knot  has  almost  wholly  suc- 
cumbed to  the  treatment  outlined  in  the  bulletin  mentioned, 
and  the  most  healthy  and  vigorous  foliage  is  to  be  found 
upon  all  the  trees.  The  varieties  that  show  the  greatest 
tendency  to  rot  are  Lombard,  Washington,  Gueii,  Smith's 
Orleans  and  Victoria.     Those  that  show  the  least  are  Brad- 
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shaw,  Prince  Englebert,  Kingston,  Grand  Duke,  Eeine 
Claude  and  Fellemberg.  The  amount  of  rotting  of  many 
varieties,  however,  is  largely  dependent  upon  the  weather 
at  the  time  of  their  approaching  maturity,  and  only  prompt 
and  frequent  spraying  at  this  time  will  save  the  crop. 

Of  the  newer  varieties,  those  that  show  the  most  promise 
are  the  Kingston,  Lincoln  and  Fellemberg. 

Kingston.  —  Fruit  very  large,  oval  in  form,  slightly 
pointed  at  both  ends,  of  the  brightest  blue  color,  firm  in 
texture  and  very  acid  in  quality ;  ripens  late  in  the  season 
and  hangs  a  considerable  time  on  the  tree  ;  very  productive 
and  valuable  for  canning,  though  it  is  rather  large  for  this 
purpose. 

Lincoln. — Early,  dark  purple,  of  large  size  and  very 
fine  quality ;  fruited  but  two  years  in  the  station  orchards, 
but  it  seems  very  promising. 

Fellemberg.  —  This  seems  identical  with  a  variety  that 
we  have  had  growing  for  nearly  thirty  years  under  the  name 
of  the  German  prune.  It  is  a  regular  biennial  bearer,  but 
never  produces  large  crops.  The  fruit  is  of  medium  to 
large  size,  tapering  at  both  ends.  It  is  of  deep  purple 
color,  a  perfect  freestone  and  of  very  good  quality.  Its 
great  value  lies  in  its  long  keeping  and  its  fine  canning 
qualities. 

The  Japanese  plums,  from  their  rapid  growth,  great  pro- 
ductiveness, early  bearing  and  attractiveness,  are  being 
quite  largely  planted  in  nearly  all  sections  of  the  country, 
and  promise  to  be  of  considerable  value  to  our  fruit  growers 
who  do  not  succeed  in  growing  the  domestic  varieties.  The 
trees  seem  to  be  a  little  less  subject  to  the  black  knot  and 
the  brown  rot,  but  more  subject  to  the  shot-hole  fungus, 
and  are  often  seriously  injured  by  the  use  of  the  copper 
solution  and  the  arsenites.  The  fruit  is  attractive,  and 
meets  a  ready  sale ;  but  whether  the  demand  will  be  large 
enough  to  keep  up  with  the  increased  planting  that  is  going 
on,  time  only  can  determine.  All  of  the  varieties  of  re- 
ported value  have  been  planted  in  the  station  orchard, 
forty-eight  in  all,  many  of  which  will  fruit  next  summer  for 
the  first  time,  unless  the  fruit  buds  are  destroyed  by  the 
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cold  winter  weather.  In  some  cases  these  varieties  are 
attacked  by  some  disease  similar  to  the  peach  yellows.  Of 
the  varieties  that  have  been  tested  for  several  years  in 
various  sections  of  the  country,  the  Abundance,  Burbank, 
Red  June  and  Satsuma  have  proved  satisfactory.  Of  the 
newer  varieties  that  are  of  very  fine  quality  the  Wickson, 
Hale  and  October  Purple  may  be  mentioned. 

The  Satsuma  has  not  ripened  here  so  as  to  be  of  much 
value  for  table  use,  but  from  the  deep-red  color  of  its  flesh 
it  is  especially  valuable  for  canning.  It  seems  to  be  weak 
in  self-fertilizing  qualities,  and  needs  to  be  planted  among 
other  varieties  for  the  best  results  in  pollination. 

Cherries, 
The  crop  of  cherries  in  the  station  orchard  would  have 
been  unusually  large  but  for  the  extremely  hot  and  moist 
weather  at  the  time  of  ripening,  which  caused  the  fruit  to  rot 
badly.  The  trees  had  been  regularly  sprayed  with  Bordeaux 
up  to  the  time  when  it  would  disfigure  the  fruit,  but  there 
was  not  a  sufiicient  quantity  of  the  copper  from  this  to 
spread  over  the  rapidly  growing  leaves  and  fruit.  From 
results  obtained  here  and  from  reports  received  from  other 
stations,  it  is  probable  that  spraying  thoroughly  immedi- 
ately after  each  rain,  as  the  fruit  begins  to  color,  with  the 
copper  solution  (four  ounces  of  copper  sulphate  to  fifty  gal- 
lons of  water),  would  largely  prevent  this  loss.  It  is  urged 
that  the  coming  season  those  engaged  in  growing  cherries 
should  try  this  treatment.  It  must  be  borne  in  mind  that 
the  application  should  be  made  very  soon  after  the  rain 
ceases,  as  the  spores  of  the  brown  rot  germinate  very 
quickly  when  placed  in  moisture,  a,nd  it  is  to  prevent  this 
germination  that  the  application  is  made.  Heavy  rains, 
especially  if  soon  followed  by  dry  weather,  need  be  little 
feared,  as  they  tend  to  wash  the  spores  off  the  plants,  though 
some  ma}''  gain  a  lodgement  in  the  axils  of  the  leaves  or  in 
the  calyx  of  the  fruit  or  other  places.  The  varieties  most 
satisfactory  were  Governor  Wood,  Napoleon,  Black  Tar- 
tarian and  Early  Richmond. 
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Grapes. 
Perhaps  upon  no  fruit  crop  grown  in  New  England  is 
the  certainty  of  protection  by  spraying  so  great  as  with 
the  grape  crop,  when  properly  done,  and  upon  which  in- 
secticides and  fungicides  are  so  easily  and  cheaply  ap- 
plied. Campbell's  Early,  the  only  new  variety  fruiting 
that  stands  out  as  decidedly  promising,  produced  fruit  on 
several  young  vines.  The  growth  of  vine  was  satisfactory, 
the  foliage  free  from  disease,  the  fruit  beautiful  in  appear- 
ance and  of  good  quality.  The  compactness  of  bunch  and 
firmness  of  berry  will  make  it  a  good  shipping  grape,  and, 
if  it  does  not  develop  a  tendency  to  disease,  it  will  be  a 
valuable  addition  to  the  few  varieties  that  can  be  profitably 
grown  in  New  England.  It  ripens  as  early  or  perhaps  a 
little  before  Moore's  Early,  and  is  much  superior  in  quality. 
The  varieties  recommended  for  this  section  are  Winchell  or 
Green  Mountain,  Worden  and  Delaware. 

Currants. 
There  is  scarcely  another  fruit  the  merits  of  whose  new 
varieties  it  is  so  difficult  to  decide  as  the  currant,  because 
of  its  great  variation  in  size  and  productiveness  under 
different  conditions.  All  the  new  varieties  of  any  prom- 
inence have  been  planted  in  the  station  plots,  and  those 
that  stand  out  prominently  as  possessing  merit  are  the 
Pomona,  Wilder  and  the  Eed  Cross ;  and,  after  three  years 
fruiting,  their  value  seems  to  be  in  the  order  given.  The 
Pomona  may  be  mentioned  as  of  especial  value,  because  of 
its  superior  quality.  We  have  no  records,  however,  to 
show  that  any  of  the  above  varieties  will  be  more  valuable 
for  general  cultivation  than  Fay's  Prolific  or  the  Cherry. 

Blackberries. 
All  of  the  prominent  new  varieties  have  been  added  to 
the  list  under  trial,  but  none  have  thus  far  shown  them- 
selves to  be  more  valuable  than  the  best  older  sorts, — the 
Agawam,  Snyder  and  Taylor's  Prolific.  On  heavy  soils, 
where  the  growth  is  large  and  furnishes  an  abundant  soil 
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cover,  mus  keeping  the  ground  cool,  the  first-named  variety 
proves  very  satisfactory ;  but  when  grown  on  light  land  it 
is  of  much  less  value. 

The  Eldorado  continues  to  do  well,  and  compares  favor- 
ably with  the  above-mentioned  varieties  ;  but  whether  it  will 
prove  more  valuable  than  any  other,  can  only  be  determined 
in  large  plantation. 

Raspberries. 

With  the  red  raspberry  there  has  been  little  or  no  prog- 
ress made  in  improved  varieties.  The  Loudon,  which,  from 
its  stocky  growth,  hardiness  and  fruit  of  good  size,  color 
and  quality,  seemed  very  promising,  has  the  past  season 
shown  a  tendency  to  mildew  of  the  leaves  and  young  grow- 
ing canes.  If  this  becomes  general,  it  will  greatly  reduce  its 
value.  The  seedlings  produced  from  the  seeds  of  the  Shaffer, 
and  referred  to  in  a  previous  bulletin,  have  again  fruited,  and 
many  of  them  show  decided  merit,  some  producing  fruit  of 
a  bright  scarlet  color  upon  plants  that  propagate  only  from 
the  tip  of  the  cane,  as  does  the  Shaffer ;  while  others  pro- 
duce fruit  of  the  Shaffer  type  that  propagate  from  suckers, 
like  the  common  red  raspberry. 

Strawberries. 
The  past  season  was  favorable  for  a  large  crop  of  fruit, 
but  the  extremely  wet  weather  at  the  time  of  ripening  caused 
much  loss  by  rotting.  The  named  varieties  were  planted  in 
plots  of  twenty-five  plants  each,  while  the  most  promising 
of  these  are  planted  each  season  in  rows  under  field  culture. 
Of  the  varieties  in  plots  (soil  medium  heavy  loam),  the 
Brandywine,  Gandy  Bell,  Glen  Mary,  Sample  and  Howard's 
No.  14  gave  the  best  results.  Of  those  grown  under  field 
culture,  on  light  land,  the  Clyde,  Cumberland,  Glen  Mary, 
Howard's  Nos.  36  and  41  o^ave  the  best  results. 

New  Fruits. 
Several  new  species  of  raspberries,  the  strawberry-rasp- 
berry,  Logan-berry,   Salmon-berry,  May-berry,  etc.,  have 
been  planted,   some  of  which  have  fruited,   but  only  two 
seem  to  possess  any  merit  for  this    climate.     The    straw- 
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berry-raspberry  is  an  herbaceous  perennial,  the  top  of  which 
dies  to  tlie  ground  in  the  winter,  but  is  followed  by  numerous 
shoots  in  the  spring  from  underground  stems,  that  bear  most 
beautiful  wine-colored  fruit  in  abundance.  This  fruit  is  of 
a  peculiar,  insipid,  though  not  unpleasant  flavor,  and  may 
be  the  origin  of  new  varieties  with  a  more  decidedly  pleasant 
taste.  Should  such  varieties  be  produced,  and  a  system  of 
cultivation  be  worked  out  by  which  a  reasonably  certain  crop 
can  be  secured,  it  may  prove  a  valuable  addition  to  our  list 
of  hardy  fruits . 

The  Logan  berry  resembles  the  common  dewberry  or 
running  blackberry  in  habit  of  growth  and  form  of  fruit ; 
but  the  latter  is  rather  larger,  and  of  a  dark-red  or  mahogany 
color.  It  possesses  a  pleasant  flavor,  but  the  same  obstacle 
to  its  general  cultivation  is  met  as  with  the  dewberry,  —  that 
it  is  difficult  to  devise  a  method  of  cultivation  and  training 
that  will  give  a  large  crop  of  fruit  every  year. 
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KEPORT    OF    THE    CHEMIST. 


DIVISION   OF    FOODS   AND   FEEDING. 


J.   B.   LiNDSEY. 

Assistants,  E.  B.  Holland,  F.  W.  Mobsman,  B.  K.  Jones,  P.  H.  Smith,  Jr. 


Part  I.  —  Laboratory  Work. 

Outline  of  Year's   Work. 

Part    H.  —  Feeden^g    Experiments    and    Dairy 

Studies. 


Part    I. 


Extent  or  Chemical  Wokk. 
The  laboratory  work  connected  with  this  department  has 
been  much  increased  during  the  past  year.  We  have  re- 
ceived for  examination  159  samples  of  water,  228  samples 
of  milk,  17  samples  of  butter,  4  samples  of  oleomargarine 
and  81  samples  of  feed  stuffs.  The  work  in  connection 
with  this  and  other  divisions  of  the  Station  has  consisted 
of  the  analysis  of  394  samples  of  milk,  26  samples  of  butter, 
292  samples  of  fodders  and  11  miscellaneous  samples.  In 
addition  to  the  above,  we  have  collected  754  samples  of 
feed  stuffs  under  the  provisions  of  the  feed  law,  of  which 
663  samples  have  been  examined.  This  makes  a  total  of 
1,875  substances  analyzed,  as  against  1,147  in  1897.  There 
have  also  been  carried  on  for  the  Association  of  Official  Agri- 
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cultural  Chemists,  investigations  relative  to  the  best  methods 
for  the  determination  of  potash,  and  of  the  different  ingredi- 
ents in  cattle  foods,  as  well  as  a  study  of  the  most  desirable 
methods  to  be  employed  in  the  estimation  of  sugar.  It  is 
hardly  possible  to  express  numerically  the  extent  of  this 
work. 

Character  of  Chemical  Work. 

Wafer.  —  We  have  followed  the  same  general  line  of  in- 
vestigation as  in  former  years,  in  the  examination  of  waters 
sent  by  farmers  and  others. 

Whenever  possible  printed  instructions  are  sent  for  sam- 
pling and  sending  the  water.  In  making  a  report  to  the 
party,  a  printed  form  is  used.  Upon  the  form  there  is 
explained  the  meaning  of  the  terms  used,  so  that  every 
one  will  have  at  least  a  general  idea  of  what  the  analytical 
results  are  meant  to  convey. 

Those  sending  the  samples  have  been  advised  promptly 
whether  in  our  judgment  the  water  was  suitable  for  drink- 
ing and  general  domestic  purposes.  Whenever  necessary, 
suggestions  have  been  offered  with  the  hope  of  improv- 
ing the  family  supply.  We  again  caution  everyone  who 
depends  upon  wells  and  springs  for  their  drinking  water 
to  have  all  sink  drains,  etc.,  remote  from  the  well,  and 
to  keep  the  ground  in  the  vicinity  free  from  objectionable 
matter.  Lead  pipes  should  never  be  used  in  drawing  water 
from  wells. 

Milk.  —  Some  of  the  milk  sent  to  the  station  has  been 
from  farmers  who  ship  their  milk  to  the  Boston  market, 
and  having  been  notified  by  the  contractors  that  their  article 
was  below  the  legal  standard,  wished  to  ascertain  if  such 
was  the  fact,  and  if  so,  what  could  be  done  for  its  improve- 
ment. To  such  we  have  given  the  same  advice  as  appeared 
in  our  last  annual  report,  to  which  interested  parties  are 
referred. 

Many  farmers  are  now  sending  occasional  samples  of 
milk,  cream  and  skim-milk  to  the  station,  to  ascertain 
the  amount  of  butter  fat  contained  in  them.  These  pro- 
ducers sell  their  milk  to  creameries,  and  they  are  desirous 
of  knowing  its   quality  for  butter  production.     This  is  a 
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very  encouraging  sign,  for  it  shows  that  the  farmer  really 
wishes  to  know  the  butter-producing  capacity  of  his  cows, 
and  the  eiSciency  of  his  separator,  or  Cooley  creamer,  in 
removing  the  fat  from  his  milk.  To  all  who  desire,  printed 
information  is  given,  stating  how  to  ascertain  the  yearly 
butter  capacity  of  dairy  cows. 

Much  of  the  milk  and  butter  analyzed  in  connection  with 
our  own  experiments  has  been  studied  with  a  great  deal  of 
care.  We  have  estimated  the  water,  solids,  fat,  casein,  milk 
sugar,  and  ash  in  a  large  number  of  samples.  We  have  also 
made  a  very  thorough  examination  of  26  samples  of  butter 
fat  produced  by  cows  employed  in  connection  with  our  feed- 
ing experiments.  There  have  been  determined  in  duplicates 
or  triplicates,  volatile  acids,  specific  gravity,  melting  point, 
and  the  iodine  number. 

Oattle  Feeds.  —  Our  feed  law  has  now  been  in  operation 
about  one  and  one-half  years.  We  have  made  frequent  in- 
spections covering  the  entire  State,  and  have  published  two 
especially  prepared  bulletins  giving  the  results  of  our  in- 
vestigations. We  have  endeavored  to  make  these  bulletins 
as  practical  as  possible,  and  judging  from  the  way  in  which 
the  bulletins  are  received,  it  is  believed  that  we  have  in  a 
measure  succeeded.  During  the  spring  of  1898  a  consider- 
able quantity  of  adulterated  cotton-seed  meal  was  found  in 
various  sections  of  the  State.  Printed  slips  of  warning 
were  immediately  sent  to  100  newspapers  in  the  State,  and 
a  concise  circular  was  also  mailed  to  every  grain  dealer, 
cautioning  against  its  purchase.  While  meal  of  this  char- 
acter generally  has  a  darker  appearance  than  the  prime 
article,  samples  of  inferior  meal  have  recently  been  found 
having  quite  a  bright  yellow  color.  A  number  of  reputable 
manufacturers  now  print  a  guaranty  upon  every  package, 
and  purchasers  are  strongly  advised  to  buy  only  the  guar- 
anteed article.  The  effect  of  the  feed  law  has  been  to  call 
the  attention  of  all  manufacturers  to  the  necessity  of  brand- 
ing their  products,  and  having  them  run  as  even  as  possible 
in  composition.  Many  of  the  more  reputable  manufacturers 
are  now  placing  a  guaranty  upon  their  feeds,  and  it  is  hoped 
others  will  soon  follow. 
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Many  Dew  feeds  are  constantly  being  offered  for  sale  in 
our  markets.  A  number  have  appeared  during  the  year 
1898.  Our  object  is  to  secure  samples  of  these  materials 
promptly,  and  ascertain  their  feeding  and  comparative 
commercial  values.  For  detailed  information  the  reader 
is  referred  to  Bulletins  53  and  56. 

Other  Chemical  Work.  —  The  analyses  of  feed  stuffs  and 
manures  in  connection  with  the  numerous  digestion  experi- 
ments carried  on  by  this  division,  involves  a  considerable 
amount  of  time  and  effort,  but  because  of  this  work  we  are 
enabled  to  state  with  a  reasonable  degree  of  accuracy  the 
feeding  and  commercial  values  of  the  concentrated  feeds 
sold  upon  the  market,  and  of  the  coarse  feeds  produced 
upon  our  farms. 

It  is  the  object  of  this  division  to  assist  the  Association 
of  Official  Agricultural  Chemists  as  much  as  possible  in 
perfecting  methods  of  chemical  analyses,  and  in  finding 
out  methods  for  the  estimation  of  the  quantity  and  nutri- 
tive value  of  several  of  the  newer  carbohydrates.  We 
spend  whatever  time  can  be  had  during  each  year  in  work- 
ing along  these  lines,  believing  it  will  be  productive  of 
much  good  in  the  future.  During  the  past  year  we  have 
given  attention  to  the  estimation  of  pentosans,  starch  and 
sugar  in  agricultural  plants. 

The  chemical  work  received  from  the  agricultural  division 
has  very  much  increased  during  the  past  year.  This  work 
consists  of  the  determination  of  dry  matter  in  a  large  num- 
ber of  plants,  the  estimation  of  starch  in  potatoes,  the 
analyses  of  feed  stuffs  used  in  poultry  experiments,  and  in 
general  fodder  analyses.  This  increased  work  is  now 
severely  taxing  the  resources  of  our  chemical  force. 
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Part  II. 

A.     Cleveland  Flax  Meal  v.  Old-process  Linseed 
Meal  for  Early  Lambs. 

Object  of  the  Experiment. 
It  has  recently  been  claimed,  by  parties  who  grow  early 
lambs  for  market,  that  the  so-called  new-process  linseed 
meal  (Cleveland  flax  meal)  exerted  an  injurious  effect  upon 
the  young  lamb.  Some  claim  that  this  meal  did  not  favor 
growth,  and  others  that  it  was  the  cause  of  frequent  sudden 
deaths.  On  the  other  hand,  it  was  stated  that  the  old-process 
meal  did  not  have  these  injurious  effects,  but  favored  rapid 
growth  and  fattening.  The  station  was  asked  to  throw 
some  light  on  the  subject,  and  conducted  the  following  ex- 
periment in  the  winter  and  early  spring  of  1898. 


The  Experiment. 

Six  grade  Southdown  ewes  were  brought  to  the  station 
barn  the  first  week  in  February,  and  each  placed  in  a  sepa- 
rate pen  six  feet  wide  by  fifteen  feet  long.  The  pens  were 
separated  by  stout  wire  netting,  thus  enabling  the  animals 
to  see  each  other.  The  ewes  were  all  in  fair  condition,  and 
in  about  two  weeks'  time  began  to  drop  their  lambs.  Each 
lamb  was  weighed  five  days  after  being  dropped. 

Daily  Feed  for  the  Ewes  after  Lambing.  — Two  pounds 
corn  ensilage,  rowen  ad  libitum.,  1  pound  grain  mixture. 
The  grain  mixture*  was  gradually  increased  until  each  ewe 
received  21-  pounds  daily.  This  grain  feed  was  kept  up  as 
long  as  the  ewes  would  take  it,  and  was  then  gradually 
reduced.  The  grain  mixture,  as  will  be  noticed,  contained 
about  one-third  of  one  of  the  two  kinds  of  linseed  meal. 

Daily  Feed  for  the  Lambs.  — The  pens  were  so  arranged 
that  the  lambs  gained  access  to  a  separate  compartment,  con- 
taining a  mixture  of  grains.  They  soon  learned  to  go  in  as 
soon  as  the  feed  was  placed  in  the  troughs.     It  was  our  aim 

*  The  grain  mixture  consisted  of  7.5  pounds  of  old-process  linseed  or  flax  meal, 
7.5  pounds  of  bran,  5  pounds  corn  meal  and  5  pounds  gluten  feed. 
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to  feed  them  what  they  would  eat  daily :  grain  mixture 
No.  1,  7.5  pounds  flax  meal  or  old-process  linseed  meal, 
7.5  pounds  bran,  10  pounds  corn  meal. 

After  feeding  this  mixture  for  about  two  weeks,  a  second 
was  fed,  as  follows  :  10  pounds  flax  meal  or  old-process 
linseed  meal,  5  pounds  bran,  5  pounds  corn  meal. 

When  the  lambs  each  reached  40  pounds  in  weight,  the 
mixture  was  again  changed  to  :  one-third  flax  meal  or  old- 
process  linseed  meal,  one-third  bran,  one-third  corn  meal. 

It  was  our  object  to  give  the  lambs  as  much  of  each  of 
the  two  linseed  meals  as  they  would  stand,  and  keep  in  a 
healthy,  growing  condition. 

Care  of  the  Lambs. — The  lambs  were  kept  in  the  pens 
with  the  ewes.  As  the  season  advanced,  they  were  allowed 
the  run  of  a  large  yard  in  the  warmer  part  of  sunny  days. 


Record  of  Growth, 

Flax  Meal  Lambs. 


a   ■ 

a  J 
"1  ° 

Five 
after 

ping 

ds). 

§73 

Hi 

a 
a  ^ 

Number  op  Lamb. 

> 

Weight 
Days 
drop 
(Poun 

a. 

—  o 

Q 

o 

^ 

H 

o 

Lamb  No.  8, 

March         3, 

May     5, 

62 

15.25 

67.00 

51.75 

.83 

Lamb  No.  6, 

March         1, 

May    18, 

78 

10.25 

57.50 

47.25 

.62 

Lamb  No.  7, 

March         1, 

May   25, 

85 

10.50 

53.00 

42.50 

.50 

Lamb  No.  1, 

February  25, 

May   18, 

82 

9.50 

47.50 

38.00 

.46 

Lamb  No.  2, 

February  25, 

May   25, 

89 

9.25 

41.00 

31.75 

.36 

Average, 

- 

- 

79 

10.95 

53.20 

42.25 

.54 

Old-process  Linseed  Meal  Lambs. 


Lamb  No.   5,    . 

February  25, 

April  29, 

63 

11.75 

52.25 

40.50 

.64 

Lamb  No.   3,    . 

February  25, 

May   18, 

82 

11.00 

50.00 

39.Qt» 

.48 

Lamb  No.   4,     . 

February  25, 

May    25, 

89 

8.75 

44.50 

35.75 

.40 

Lamb  No.   9,     . 

March       19, 

June    1, 

74 

10.25 

52.25 

42.00 

.57 

Lamb  No.  10,     . 

March       19, 

June"    1, 

74 

9.00 

51.00 

42.00 

.57 

Average,     . 

- 

- 

76 

10.15 

50.00 

39.85 

.53 

NOTB.  - 

-  LambB  6  and 

7, 1  and  2, 

3  and  4, 

9  and  10,  v 

7ere  twit 

B. 
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The  lambs  were  shipped  to  Ira  C.  Lowe  of  Greenfield, 
Mass.,  who  slaughtered  them,  and  reported  on  their  condi- 
tion. He  had  no  knowledge  as  to  which  lambs  were  fed  the 
flax  meal  and  which  lambs  were  fed  the  old-process  linseed 
meal  ration.  Lamb  No.  8  was  reported  to  be  of  extra 
quaility,  Lamb  No.  5  next  in  quality  to  No.  8,  and  the 
others  of  fair  quality  only.  Looking  at  the  average  figures 
in  the  above  tables,  it  will  be  seen  that  each  lot  of  five 
lambs  showed  the  same  daily  gain.  Mr.  Lowe  noticed  no 
particular  advantage  in  favor  of  either  lot. 

Results  of  the  Experiment. 

As  a  result  of  our  observations,  we  conclude  :  — 

That  the  flax  meal  had  no  injurious  efl'ect  either  upon  the 

growth  or  dressed  appearance  of  the  lambs,  and  that  both 

sets  of  lambs  produced  the  same  average  daily  growth,  and 

were  both  in  the  same  average  condition  when  slaughtered. 

Remarks  and  Suggestions. 
It  is  well  known  to  all  growers  of  early  lambs,  that  in 
order  to  secure  a  rapid  growth  of  the  lamb,  the  ewe  should 
be  thrifty,  and  a  good  milker.  A  liberal  feeding  will  aid  in 
keeping  up  a  continuous  flow  of  milk.  The  early  growth 
of  the  lamb  will  depend  very  much  on  the  constitution  it 
inherits,  and  upon  its  success  in  obtaining  a  large  supply  of 
milk.  Easily  digested  nitrogenous  feed  stufis  will  unques- 
tionably assist  in  producing  quick  growth,  but  they  are 
secondary  to  the  milk  supply.  This  is  quite  forcibly  illus- 
trated in  case  of  our  experiments  as  described  above.  Lamb 
No.  8  was  single,  and  its  mother  was  an  excellent  milker. 
The  lamb  was  above  the  average  in  size  and  vigor  when 
dropped.  He  grew  rapidly,  showing  .83  of  a  pound  gain 
per  day.  It  was  noticed  that  this  lamb  did  not  consume  very 
large  amounts  of  grain,  although  he  had  a  constant  oppor- 
tunity. He  derived  the  larger  part  of  the  food  necessary 
for  his  growth  from  his  mother>  Lamb  No.  5  was  also  a 
single  lamb.  He  made  a  very  good  growth,  but  the  ewe 
was  not  as  good  a  milker  as  the  previous  one.  This  lamb 
took  more  grain  than  did  No.  8,  but  was  not  able  to  make  as 
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rapid  growth.  The  other  lambs  were  twins.  They  did  not 
grow  as  rapidly  as  did  the  single  lambs,  because  of  the  lack 
of  milk,  although  they  ate  quite  freely  of  the  grain  mixtures. 
Lambs  Nos.  6  and  7  came  from  a  good  milker,  and  they 
were  also  quite  vigorous  and  hearty  eaters. 

In  addition  to  inherited  constitution  and  plenty  of  milk, 
it  is  very  essential,  in  order  to  secure  rapidity  of  growth, 
that  early  lambs  should  be  housed  in  a  warm,  dry  barn,  and 
have  a  maximum  amount  of  sunlight  from  a  southern  ex- 
posure. 

B.    Corn   Meal  v.  Hominy   Meal,  and   Corn   Meal   v. 
Cere  ALINE  Feed  for  Growing  Pigs. 

Experime7it      I.  —  Corn  meal  v.  hominy  meal.    - 
Experinnent    II.  —  Com  meal  v.  cerealine  feed. 
Experiment  III  —  Corn  meal  v.  cerealine  feed. 

Objects  of  the  Experiments. 

Skim-milk  is  a  very  valuable  feed  for  growing  pigs.  It 
is  a  digestible,  nitrogenous  feed  stuif.  Of  itself  it  is  not  a 
complete  food,  being  deficient  in  solid  matter  as  well  as  in 
carbohydrates  (starchy  material) .  In  order  to  make  a  com- 
plete food,  carbohydrate  feeds  are  necessary  to  properly 
balance  the  daily  ration.  A  combination  of  skim-milk  and 
corn  meal  (1  quart  milk  and  from  3  to  6  ounces  of  meal) 
has  been  found  to  make  a  most  excellent  feed  for  rapid 
growth.  The  object  of  the  above-mentioned  experiments 
was  to  get  at  the  feeding  values  of  hominy  meal  and  cerea- 
line feed,  when  compared  with  corn  meal,  for  this  purpose. 

What  Hominy  Meal  is.  —  Hominy  meal  consists  of  the 
hulls,  germ  and  some  of  the  starch  and  gluten  of  the  corn, 
ground  together.  This  separation  is  said  to  be  brought 
about  solely  by  the  aid  of  machinery.  The  hard,  flinty 
part  of  the  corn  is  the  hominy,  wliich  is  used  as  a  human 
food. 

What  Cerealine  Feed  is.  —  TMs  feed  consists  also  of  the 
hull  and  a  portion  of  the  starch  of  the  corn.  It  contains 
rather  less  of  the  starch  than  does  the  hominy  meal.     It  is 
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the  by-product  resulting  from  the  preparation  of  the  break- 
fast preparation  known  as  cerealine  flakes.  It  is  very  coarse 
looking,  and  appears  much  like  unground  corn  hulls. 

Results  of  Experiments. 

1.  Hominy  meal  produced  5  to  7  per  cent,  more  growth, 
when  fed  to  pigs  in  connection  with  skim-milk,  than  did  corn 
meal.  This  difference  was  probably  due  to  the  dryer  condi- 
tion of  the  hominy  meal,  and  nearly  disappears  when  the 
meals  are  compared  on  a  basis  of  dry  matter  they  contained. 

2.  In  view  of  the  fact  that  Pig  IV.  was  thrown  out  of 
the  experiment,  we  should  hesitate  to  say  that  the  hominy 
meal  had  proved  itself  in  any  degree  superior  to  the  corn 
meal.  This  experiment  would  seem  to  indicate,  however, 
that  pound  for  pound,  as  found  in  the  market,  the  hominy 
meal  is  at  least  fully  as  valuable  as  the  corn  meal. 

3.  In  the  two  experiments  with  cerealine  feed  and  corn 
meal,  the  corn  meal  produced  5  per  cent,  more  growth  than 
did  the  cerealine  feed.  Corn  meal  constituted  but  62  per 
cent,  of  the  dry  matter  of  the  ration ;  and,  if  62  per  cent, 
of  dry  matter  of  the  ration  in  the  form  of  corn  meal  pro- 
duced a  gain  of  5  per  cent.,  100  per  cent,  of  corn  meal  — 
e.  g.,  its  full  effect  —  would  show  an  8  per  cent.  gain. 

4.  We  think  we  are  justified  in  saying  that  corn  meal  is 
from  5  to  possibly  10  per  cent,  more  valuable  than  cerealine 
feed  for  use  in  connection  with  skim-milk  for  growing  pigs. 

5.  Cerealine  feed  might  prove  equal  to  corn  meal  as  a 
feed  for  milch  cows,  as  digestion  experiments  with  sheep 
have  shown  it  to  contain  as  much  digestible  matter  as  corn 
meal.  It  is  very  probable  that  pigs  are  not  able  to  digest 
the  hulls  of  the  corn  as  well  as  other  animals, 

6.  Because  of  the  important  part  played  by  the  individ- 
uality of  the  animal,  we  are  frank  to  confess  that  a  larger 
number  of  pigs  would  be  desirable  in  conducting  experi- 
ments of  this  kind.  We  feel  confident,  however,  that  these 
experiments  give  a  fairly  accurate  representation  of  the 
comparative  values  of  the  several  feed  stuffs. 
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Experiment  I.  — Corn  Meal  v.  Hominy  Meal. 
N'ov.  23,  1896,  to  March  1,  1897  (98  JDai/s) .  — 'Eight 
grade  Chester  White  pigs,  all  of  the  same  litter,  were  pur- 
chased in  October.  They  were  first  fed  skim-milk  alone, 
and  finally  divided  into  two  lots,  and  corn  or  hominy  meal 
added  to  the  skim-milk  diet.  Pigs  Nos.  I.  and  II.  were 
together  in  one  pen,  and  so  were  pigs  Nos.  VII.  and  VIII. ; 
the  others  were  in  separate  pens.  Pig  IV.  was  taken  sick 
during  the  experiment,  and  his  record  is  not  considered. 
Each  pig  was  allowed  from  7  to  10  quarts  of  skim-milk 
daily,  and  from  3  to  6  ounces  of  grain  for  each  quart  of 
milk,  the  quantity  depending  on  the  appetite  and  stage  of 
growth  of  the  animals.  As  the  pigs  advanced  in  age  and 
growth,  the  quantity  of  grain  was  increased,  thus  furnishing 
an  increased  food  supply  and  an  increasing  amount  of  carbo- 
hydrates. 

Total  Feeds  Consumed. 
Corn  Meal  Lot. 


Skim-milk  Consumed. 

Grain  Consumed. 

Number  op  Pig. 

Quarts. 

Pounds. 

Dry 

Matter 
(Pounds). 

Corn  Meal 
(Pounds). 

Dry 

Matter 
(Pounds). 

Pig  No.   V 

Pig  No.  VI 

Pigs  Nos.  VII.  and  VIII.,  . 

884.00 

883.00 

1,766.00 

1,927.12 
1,924.94 
3,849.88 

183.08 
182.87 
365.74 

255.44 
255.44 
510.88 

223.25 
223.25 
446.50 

Totals,    .... 
Averages, 

3,533.00 
883.25 

7,701.94 
1,925.49 

731.69 
182.92 

1,021.76 
255.44 

893.00 
223.25 

Hominy  Meal  Lot. 


Skim 

milk  Consumed. 

Grain  Consumed. 

Number  of  Pig. 

Quarts. 

Pounds. 

Dry 

Matter 
(Pounds). 

Hominy 

Meal 
(Pounds). 

Dry 

Matter 
(Pounds). 

Pigs  Nos.  I.  and  II.,     . 
Pig  No.  Ill 

1,768.00 
883.00 

3,854.24 
1,924.94 

366.15 
182.87 

255.06 
255.44 

470.23 
235.46 

Totals 

Averages, 

2,651.00 

883.67 

5,779.18 
1,926.39 

549.02 
183.01 

765.56 
255.19 

705.69 
235.23 
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The  above  tables  show  that  each  lot  of  pigs  consumed 
identical  amounts  of  skim-milk,  and  very  nearly  equal 
amounts  of  grain.  The  hominy  meal  lot  ate  about  12 
pounds  more  of  dry  grain  per  pig,  than  did  the  corn  meal 
lot. 

Total  Gain  in  Live  Weight. 

Corn  Meal  Lot. 


NtiMBEB  OP  Pig. 


"Weight  at 
Beginning  of 
Experiment 

(Pounds). 


Weiglit  at 

End  of 

Experinaent 

(Pounds). 


Total  Gain 

in 

Live  Weight 

(Pounds). 


Daily  Gain 

in 

Live  Weight 

(Pounds). 


Pig  No.    V 

Pig  No.  VI 

Pigs  Nos.  VII.  and  VIII., 

Totals,     . 
Averages, 


54.50 

58.25 

109.25 


188.50  I 
185.25  ' 


222.00 
55.50 


725.00 
181.25 


129.75 
130.25 
243.00 


503.00 
125.75 


1.32 
1.33 

2.48 


5.13 
1.28 


Hominy  Meal  Lot. 

Pigs  Noe.  I.  and  II 

115.50 

387.25 

271.75 

2.77 

Pig  No.  Ill 

57.75 

196.00 

138.25 

1.41 

Totals, 

173.25 

583.25 

410.00 

4.18 

Averages,        .... 

57.75 

194.42 

136.66 

1.39 

One  notes  a  very  slight  difference  in  favor  of  the  hominy 
fed  lot,  this  being  caused  perhaps  by  the  slightly  increased 
amount  of  actual  dry  matter  found  in  the  hominy  meal. 

By  referring  to  the  table,  it  will  be  noticed  that  each 
pig  received  223.25  pounds  of  perfectly  dry  corn  meal  and 
235.23  pounds  of  perfectly  dry  hominy  meal. 
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Total  Gain  in  Dressed  Weight. 

Corn  Meal  Lot. 


Number  op  Pig. 

Dressed 
Weight  at 

End  of 
Experiment 

(Pounds). 

Computed 

Dressed  Weight 

at  Beginning 

of  Experiment 

(Pounds). 

Total  Gain  in 

Dressed  Weight 

(Pounds). 

Loss  in  Weight 

in  Dressing 

(Pounds). 

Pig  No.    V 

Pig  No.  vr 

PigB  Nos.  VII.  and  VIII., 

150.50 
154.25 

287.25 

44.52 
47.67 
89.09 

105.98 
106.58 
198.16 

18.31 
18.17 
18.45 

Totals 

Averages, 

592.00 
148.00 

181.28 
45.32 

410.72 
102.68 

54.83 
18.28 

Hominy  Meal  Lot, 


Pigs  Nob.  I.  and  II.,  . 
Pig  No.  Ill,, 

306.00 
152.00 

91.25 
44.79 

214.75 
107.21 

20.89 
22.45 

Totals,  .... 
Averages, 

458.00 
152.66 

136.04 
45.35 

321.96 
107.32 

43.34 
21.67 

Dry  Matter  required   to  produce   One   Pound   of  Live   and 
Dressed  Weight. 

Corn  Meal  Lot. 


Number  op  Pig. 

Live  Weight 
(Pounds). 

Dressed  Weight 
(Pounds). 

Pig  No.   V 

Pig  No.  VI., 

PigsNos.VII.  and  VIII 

3.13 
3.12 
3.34 

3.84 
3.81 
4.09 

Averages 

3.20 

3.91 

Hominy  Meal  Lot. 

Pigs  Nos.  I.  and  II 

Pig  No.  Ill 

3.08 
3.03 

3.89 
3.90 

Averages, 

3.06 

3.89 

The  very  slight  difference  between  the  gains  in  the  two 
lots  is  within  the  limit  of  error. 
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Experiment  II.  —  Oorn  Meal  v.  Oerealine  Feed. 

April  12  to  July  26,  1897  {106  Days).  —The  six  pigs 
used  in  this  experiment  were  grade  Chester  Whites,  about 
five  weeks  old  when  purchased,  March  2.  They  were 
brought  into  separate  pens  April  1,  and  the  experiment 
began  April  12.  Each  pig  was  fed  6  to  9  quarts  of  skim- 
milk  daily,  together  with  3  ounces  of  grain  for  each  quart 
of  milk.  The  amount  of  grain  was  gradually  increased  as 
the  animal  demanded  it,  until  some  4  pounds  daily  were 
fed.     The  milk  never  exceeded  9  quarts  per  day. 

At  the  beginning  of  the  experiment  the  animals  were 
receiving  1  part  protein  to  3  parts  carbohydrates.  The 
ration  was  gradually  widened,  until  towards  the  close  of 
the  experiment  the  nutritive  ratio  was  as  1  to  7.  The  corn 
meal  heated  during  the  latter  part  of  the  experiment,  and 
became  somewhat  musty. 

Total  Feeds  Consumed. 
Corn  Meal  Lot. 


Skim-milk  Consumed. 

Grain  Consumed. 

Number  of  Pig. 

Quarts. 

Pounds. 

Dry 

Matter 
(Pounds). 

Corn  Meal 
(Pounds). 

Dry 

Matter 

(Pounds). 

Pig  No.     I 

Pig  No.    II.,. 

Pig  No.  III. 

738.00 
738.00 
738.00 

1,608.84 
1,608.84 
1,608.84 

152.84 
152.84 
152.84 

243.63 
243.63 
243.63 

204.98 
204.98 
204.98 

Totals 

Averages, 

2,214.00 
738.00 

4,826.52 
1,608.84 

458.52 
152.84 

730.89 
243.63 

614.94 
204.98 

Cerealine  Feed  Lot. 


Skim-milk  Consumed. 

Grain  Consumed. 

Number  of  Pis. 

Quarts. 

Pounds. 

Dry 

Matter 
(Pounds). 

Cerealine 

Feed 
(Pounds). 

Dry 

Matter 

(Pounds). 

Pig  No.  IV.,.       .       .       . 

Pig  No.   V 

Pig  No.  VI '. 

738.00 
738.00 
738.00 

1,608.84 
1,608.84 
1,608.84 

152.84 
152.84 
152.84 

243.63 
243.63 
243.63 

214.39 
214.39 
214.39 

Totals 

Averages, 

2,214.00 
738.00 

4,826.52 
1,608.84 

458.52 
152.84 

730.89 
243.63 

643.17 
214.39 
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Some  10  pounds  more  dry  cerealine  feed  were  consumed 
per  pig  than  corn  meal  during  the  experiment,  due  to  the 
dryer  condition  of  the  cerealine  feed  when  fed. 


Total  Gain  in  Live  Weight. 

Corn  Meal  Lot. 


NuMBEB  OP  Pis. 

Weight  at 
Beginning  of 
Experiment 

(Pounds). 

Weight  at 

End  of 

Experiment 

(Pounds). 

Total  Gain 

in 

Live  Weight 

(Pounds). 

Daily  Gain 

in 

Live  Weight 

(Pounds). 

Pig  No.     I 

Pig  No.    11., 

Pig  No.  III., 

61.25 
48.50 
43.25 

188.00 
184.00 
184.25 

136.74 
135.50 
141.00 

1.29 
1.28 
1.33 

Totals 

Averages 

143.00 
47.67 

556.25 
185.42 

413.25 
137.75 

3.90 
1.30 

Cerealine  Feed  Lot. 

Pig  No.  IV 

44.00 

175.50 

131.50 

1.24 

Pig  No.   v., .        . 

41.00 

170.50 

129.50 

1.22 

Pig  No.  VI 

49.25 

186.00 

136.75 

1.29 

Totals 

134.25 

532.00 

397.75 

3.75 

Averages,        .... 

44.75 

177.33 

132.58 

1.25 

A  slight  gain  in  favor  of  the  corn  meal  lot  is  noted. 


Dry   Matter    required   to   produce   One   Pound   of   Live   and 
Dressed  "Weight. 

Corn  Meal  Lot, 


Number  of  Pis. 

Live  Weight 
(Pounds). 

Dressed  Weight 
(Pounds). 

Pig  No.     I., 

2.62 
2.64 
2.54 

3.28 

Pig  No.   II 

3.30 

Pig  No.  in 

3.17 

Averages,  . 

2.60 

3.25 

Cerealine  Feed  Lot. 

Pig  No.  IV 

2.79 
2.84 
2.69 

3.49 

Pig  No.    V 

3.54 

Pig  No.  VI., . 

3.37 

Averages,  . 

2.77 

3.46 
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The  above  figures  show  a  slight  difi'erence  in  favor  of  the 
corn  meal,  rather  less  dry  matter  in  corn  meal  being  required 
to  make  a  pound  of  growth  than  in  cerealine  feed. 


Experiment  III.  —  Oorn  Meal  v.  Gerealine  Feed. 
Oct.  25  to  Jan.  10,  1898  (78  Dai/s).— The  six  pigs 
employed  in  this  experiment  were  a  cross  between  the 
Poland-China  and  the  Chester  White.  They  were  received 
early  in  September,  when  five  weeks  old,  and  allowed  the 
run  of  a  large  pen  out  of  doors  until  October  20,  when  they 
were  placed  in  separate  pens  in  the  feeding  barn,  and  divided 
as  equally  as  possible  into  two  lots.  They  were  in  a  very 
vigorous  condition.  In  this  experiment  the  cerealine  feed 
heated  towards  the  close  of  the  experiment.  It  was  shovelled 
over  and  dried  at  once  when  this  condition  was  observed, 
and  the  experiment  continued.     The  pigs  ate  it  with  seem- 


ing relish  at  all  times. 


Total  Feeds  Consumed. 
Corti  Meal  Lot. 


Skim-milk  Consumed. 

Grain  Consumed. 

Number  of  Pig. 

Quarts. 

Pounds. 

Dry 

Matter 
(Pounds). 

Corn  Meal 
(Pounds). 

Dry 

Matter 
(Pounds). 

Pig  No.  IV 

Pig  No.   V 

Pig  No.  VI 

468.00 
468.00 
468.00 

1,020.24 
1,020.24 
1,020.24 

96.92 
96.92 
96.92 

226.50 
226.50 
226.50 

197.06 
197.06 
197.06 

Totals 

Averages, 

1,404.00 
468.00 

3,060.72 
1,020.24 

290.76 
96.92 

679.50 
226.50 

591.18 
197.06 

Cerealine  Feed  Lot. 


Skim 

milk  Consumed. 

Grain  Consumed. 

Number  op  Pig. 

Quarts. 

Pounds. 

Dry 

Matter 
(Pounds). 

Cerealine 

Feed 
(Pounds). 

Dry 

Matter 

(Pounds). 

Pig  No.     I.,          ... 

Pig  No.   II 

Pig  No.  III.,         .        .        . 

468.00 
468.00 
468.00 

1,020.24 
1,020.24 
1,020.24 

96.02 
96.92 
96.92 

226.50 
222.50 
226.50 

201.59 
198.03 
201.59 

Averages, 

468.00 

1,P20.24 

96.92 

225.20 

200.40 
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The  amount  of  feed  consumed  by  the  two  lots  is  practi- 
cally identical. 

Total  Gain  in  Live  Weight. 

Corn  Meal  Lot. 


Number  of  Pig. 

Weigtit  at 

Beginning  of 

Experiment 

(Pounds). 

Weight  at 

End  of 

Experiment 

(Pounds). 

Total  Gain 

in 

Live  Weight 

(Pounds). 

Daily  Gain 

in 

Live  Weight 

(Pounds). 

Pig  No.  IV 

Pig  No,   V 

Pig  No.  VI 

68.50 
67.75 
66.75 

172.50 
172.00 
173.00 

104.00 
104.25 
106.25 

1.33 
1.34 
1.36 

Totals 

Averages,        .... 

203.00 
67.67 

517.50 
172.50 

314.50 
104.83 

4.03 
1.34 

Cerealine  Feed  Lot. 


Pig  No.     I 

73.75 

169.00 

95.25 

1.22 

Pig  No.   II 

57.25 

150.00 

92.75 

1.19 

Pig  No.  Ill 

68.75 

174.00 

105.25 

1.35 

Totals, 

199.75 

593.09 

293.25 

3.76 

Averages 

66.58 

164.33 

97.75 

1.25 

Each  pig  in  the  corn  meal  lot  shows  an  average  gain  of  7 
pounds  over  the  cerealine  feed  pigs.  This  might  partly  be 
accounted  for  by  reason  of  the  poor  condition  of  the  cereal- 
ine feed,  already  mentioned. 

Dry   Matter  required   to  produce  One   Pound   Live   and 
Dressed  Weight. 

Corn  Meal  Lot. 


Number  of  Pig. 

Live  Weight 
(Pounds). 

Dressed  Weight 
(Pounds). 

Pig  No.  IV 

2.83 
2.82 

2.77 

3.53 

Pig  No.   v., 

3. '52 

Pig  No.  VI. 

3  42 

Averages,  . 

2.81 

3.49 

Cerealine  Feed  Lot. 

Pig  No.     I., 

3.13 
3.18 
2.84 

3.91 

Pig  No.   II., 

3.98 

Pig  No.  III., 

3.55 

Averages,  . 

3.05 

3.81 
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The  dry  matter  required  to  produce  a  pound  of  gain  con- 
firms the  results  given  in  the  tables  under  gain  in  live 
weight,  and  shows  that  in  this  experiment  a  pound  of  live 
weight  was  produced  by  ^  of  a  pound  less  of  absolutely  dry 
corn  meal  than  of  dry  cerealine  feed.  The  conclusions  from 
these  three  experiments  have  already  been  given  on  page  108. 

Composition  of  Feeds  {used  in  Three  Feeding  Experiments). 


C.  The  Cost  of  Pork  Production. 
In  a  section  of  our  State  the  cream  from  the  milk  pro- 
duced upon  the  farm  is  sold  to  the  creamery,  and  the  skim- 
milk  is  either  fed  to  pigs  or  calves.  A  large  number  of 
experiments  have  been  made  at  this  station  with  growing 
pigs.  The  pigs  averaged  from  37  pounds  in  weight  at  the 
beginning  of  the  experiments  to  183  pounds  when  slaugh- 
tered.    The  daily  rations  have  been  essentially  as  follows  :  — 

I.  From  5  to  7  quarts  of  milk  per  day ;  and,  beginning 
with  3  ounces  of  corn  meal  to  each  quart  of  milk,  the  grain 
has  been  gradually  increased  to  satisfy  the  appetite  of  the 
animal. 

II.  About  the  same  quantity  of  milk,  and,  instead  of  the 
corn  meal,  other  carbohydrate  foods,  such  as  ground  rye, 
wheat,  hominy  meal,  cerealine  feed  and  oat  feed,  to  satisfy 
appetites. 

HI.  About  the  same  quantity  of  milk,  together  with  3 
to   6   ounces   of  corn  meal   to   each  quart  of  milk,   and  a 
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mixture    of   one- third   wheat   bran,    one-third   gluten    meal 
and  one-third  corn  meal,  to  satisfy  appetites. 

More  exact  statements  of  rations  will  be  found  farther  on. 
We  rarely  had  more  than  from  5  to  7  quarts  of  milk  daily 
for  each  pig.  The  animals  did  well  with  this  amount  of 
milk ;  if  they  did  not  secure  this  quantity,  their  growth  was 
noticeably  slower. 

Explanation  of  Tables. 
As  a  result  of  these  various  experiments,  we  have   en- 
deavored to  ascertain  :  — 

1.  The  price  that  skim-milk  has  returned  per  quart. 

2.  The  cost  of  feed  required  to  produce  a  pound  of  live 
or  dressed  weight,  taking  the  various  grains  at  a  reasonable 
range  of  market  prices,  and  allowing  either  \  or  i  cent  per 
quart  for  the  milk. 

In  tables  I.,  II.  and  III.  will  be  found  the  results  where 
milk  and  corn  meal  have  been  fed. 

Tables  lY.,  V.  and  YI.  will  show  the  results  where  milk 
and  other  starchy  (carbohydrate)  feeds  have  been  substi- 
tuted for  the  corn  meal,  such  as  hominy  or  cerealine  feeds, 
rye  and  wheat  meals  ("  grain  ") . 

Tables  YIL,  YIII.  and  IX.  show  the  results  where  milk 
and  corn  meal  were  fed,  and,  in  addition,  wheat  bran,  gluten 
meal,  etc.  ("  other  grains  "). 

Tables  X.  and  XI.  show  the  average  of  all  the  preceding, 
being  the  results  with  140  pigs,  weighing  37  pounds  at  the 
beginning,  and  183  pounds  at  the  close  of  the  experiments. 


Table  I.  — Milk  and  Corn  Meal. 

Feeds  Consumed,  etc. 

Quarts. 

Pounds. 

Total  milk  consumed  by  21  pigs, 

Total  corn  meal  consumed  by  21  pigs 

Live  weight,  actually  gained, 

Dressed  weight,  calculated, 

16,421 

35,797.78 
5,531.10 
3,012.25 
2,409.80 
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Table  II.  —  Price  obtained  for  Shim-milk. 


With  Corn  Meal 

With  Corn  Mbai. 

With  Corn  Meal 

AT   $15  PER 

at   $17.50  PER 

AT  $20  per 

Ton,  and  Dressed 

Ton,  and  Dressed 

Ton,  and  Dressed 

Pork  at  — 

Pork  at  — 

Pork  at  — 

Pbice  returned 

• 

FOR 

-a 

•o 

w"^ 

•c 

•a 

m'° 

13 

•a 

^'^ 

Skim-hilk. 

13 

a 

a 

w  a 

a  3 

2  a 

m   ^ 

S  a 
a  a 

a 
"  a 

a 

-2  a 
a  a 

O  3 

»  o 

a  c 

£,  o 

01  o 

a  o 

2  o 

SOi 

nfe 

OOi 

vO-i 

aCL, 

OfL, 

oO, 

aPn 

OPh 

O  u 

cSs 

a  Ir, 

O  I. 

cSs 

^s 

>  ^ 

«  '^ 

>  a 

>  P- 

M  °" 

>  p. 

g  c 

M  !^ 

p!  a 

fe 

m 

OQ 

P^ 

m 

CD 

fa 

02 

CD 

Per  quart  (cents) , 

.48 

.63 

.77 

.44 

.58 

.73 

.39 

.54 

.69 

Per  100 pounds  (cents), 

22.02 

28.90 

35.37 

20.19 

26.61 

33.48 

17.89 

24.77 

31.19 

Table  III.  —  Cost  of  Feed  per  Pound  of  Growth  produced. 


Live  Weight 
(Cents). 

Dressed  Weight 
(Cents). 

With  corn  meal  at  $15  per  ton,  and  milk  at  J  cent  per  quart, 

2.74 

3.44 

With  corn  meal  at  $15  per  ton,  and  milk  at  ^  cent  per  quart. 

4.11 

5.13 

With  corn  meal  at  $17.50  per  ton,  and  milk  at  I  cent  per  quart, 

2.98 

3.72 

With  corn  meal  at  $17.50  per  ton,  and  milk  at  i  cent  per  quart, 

4.33 

5.41 

With  corn  meal  at  $20  per  ton,  and  milk  at  \  cent  per  quart. 

3.21 

4.02 

With  corn  meal  at  $20  per  ton,  and  milk  at  |  cent  per  quart, 

4.59 

5.71 

Table  IV.  — Milk  and  Different  Starchy  Feeds. 


Feeds  Consumed,  etc. 

Quarts. 

Pounds. 

Total  milk  consumed  by  22  pigs, 

Total  "  grain  "  consumed  by  22  pigs . 

Live  weight,  actually  gained, . 

Dressed  weight,  calculated 

13,153 

28,630 
5,135 
2,597 
2,078 
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Table  V.  —  Price  obtained  for  Skim-milk. 


With  "  Grain  "  at 

With  "  Grain  "  at 

With  "  Grain  "  at 

$15  PER 

$17.50  PER 

$20  PER 

Ton,  and  Dressed 

Ton,  and  Dressed 

Ton,  and  Dressed 

Pork  at— 

Fork  at  — 

Pork  at — 

Pbicb  heturned 

^ 

^ 

^ 

^ 

^ 

^ 

^ 

FOR 

■a 

•o 

m"^ 

T3 

T3 

11'° 

■a 

T3 

m'O 

Bkim-milk. 

2  P 

a 

_  3 

•2  S 

a  3 

a 

3  3 

a 

»  3 

a  3 

5  a 

a 

«,  3 

-S  a 

a  a 

a  o 

S  o 

a  ° 

0)  o 

a  0 

2.0 

Hi   0 

vPh 

aO-i 

OO-i 

Scl, 

C&H 

OPh 

SOh 

QM 

OCU 

oTi 

a?> 

a  »« 

O  I. 

U  S 

a  ^ 

0  u 

6'5 

«£; 

g!  ft 

>  & 

M  1=^ 

>  p. 

>  o- 

M  =^ 

>  P. 

s 

DQ 

m 

P^ 

OQ 

m 

ft( 

OQ 

OQ 

Per  quart  (cents), 

.50 

.65 

.81 

.45 

.60 

.76 

.40 

.56 

.87 

Per  100  pounds  (cents) , 

22.90 

30.10 

37.10 

20.60 

27.80 

35.10 

18.35 

25.69 

39.91 

Table  VI.  —  Cost  of  Feed  per  Pound  of  Growth  produced. 


With  "  grain"  at  $15  per  ton,  and  skim-milk  at  \  cent  per 

quart, 

With  "  grain  "  at  $15  per  ton,  and  skim-milk  at  ^  cent  per 

quart, 

With  "  grain  "  at  $17.50  per  ton,  and  skim-milk  at  \  cent  per 

quart, 

With  "  grain  "  at  $17.50  per  ton,  and  skim-milk  at  J  cent  per 

quart, 

With  "  grain  "  at  $20  per  ton,  and  skim-milk  at  \  cent  per 

quart, 

With  "  grain  "  at  $20  per  ton,  and  skim-milk  at  \  cent  per 

quart, 


Dressed  Weight 

(Cents). 


Table  VII.  —  Milk,  Corn  Meal,  Bran,  Gluten  Meal,  etc. 


Feeds  Consumed,  etc. 

Quarts. 

Pounds. 

Total  milk  consumed  by  97  pigs 

Total  corn  meal  consumed  by  97  pigs, 

Total  "  other  grains  "  consumed  by  97  pigs,    .... 

Live  weight  actually  gained 

Dressed  weight  calculated, 

62,319 

135,855 
21,602 
12,663 
15,080 
12,064 
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Table  VIII.  —  Price  obtained  for  Skim-milk. 


With  Corn  Meal 

With  Corn  Meal  at 

With  Corn  Meal 

AT  $15  PER  Ton, 

$17.50  PER  Ton, 

AT  $20  PER  Ton, 

"Other  Grains  "at 

"Other  Grains"  at 

"Other  Grains"  at 

$17.50  PER 

$20  PER 

$22.50  PER 

Ton,  and  Dressed 

Ton,  and  Dressed 

Ton,  and  Dressed 

Pbice  obtained 

Pork  at  — 

Pork  at  — 

Pork  at  — 

FOB 

• 

■ 

• 

^ 

^ 

■ 

^ 

Skim-milk. 

T3 

T3           -a 

r3 

■a 

m'O 

■a 

^3 

m"^ 

-,  ° 

a 

"  a 

a 

a 

"  a 

a 

3 

.S  a 

_  3 

a  P 

S  s 

m    3 

a  3 

Z  3 

^  3 

a  3 

S  o 

0)  o 

D  O 

.2    O 

»  o 

a  ° 

2  o 

gPn 

cCM 

OPh 

oil 

aA4 

OPh 

vCh 

cCh 

OOt 

cSs 

2  «> 

O  ^ 

Oo 

a  '> 

01   " 

6s 

13  ii 

03    V 

>  o< 

M  ^ 

>  o, 

>  G. 

M  ^ 

g;  D. 

>  o- 

M   O" 

>  o. 

a>^-^ 

fe 

S          m 

fa 

02 

02 

fa 

02 

02 

Per  quart  (cents). 

.53 

.72 

.92 

.45 

.65 

.85 

.39 

.59 

.78 

Per  100  pounds  (cents), 

24.30 

33.20 

42.10 

21.20 

30.00 

39.00 

18.00 

27.00 

36.00 

Table  IX.  —  Cost  of  Feed  per  Pound  of  Growth  produced. 


Live  Weight 
(Cents). 


Dressed  Weight 
(Cents). 


With  corn  meal  at  $15  "  other  grains"  at  $17.50  and  milk  at 

\  cent  per  quart, 

With  corn  meal  at,  $15  "  other  grains  "  at  $17.50  and  milk  at 

J  cent  per  quart 

With  corn  meal  at  $17.50  "  other  grains  "  at  $20  and  milk  at 

J  cent  per  quart, 

With  corn  meal  at  $17.50  "  other  grains  "  at  $20  and  milk  at 

^  cent  per  quart, 

With  corn  meal  at  $20  "  other  grains  "  at  $22.50  and  milk  at 

\  cent  per  quart, 

With  corn  meal  at 

2  cent  per  quart, 


i  "  other  grains  "  at  $22.50  and  milk  at 


2.84 
3.87 
3.13 
4.16 
3.41 
4.44 


3.55 
4.84 
3.90 
5.20 
4.26 
5.55 


Table  X.  —  Price  obtained  for  Skim-milk  {All  Experiments). 


With  Corn  Meal 

With  Corn  Meal 

With  Corn  Meal 

AND  Other 

AND  Other 

AND  Other 

Starchy  Foods  at 

Starchy  Foods  at 

Starchy  Foods  at 

$15  per  Ton, 

$17.50  PER  Ton, 

$20  per  Ton, 

"Other  Grains"at 

"  Other  Grains  "  at 

"Other  Grains"  AT 

$17.60  per 

$20  per 

$22.50  PER 

Average  Price 

Ton,  and  Dressed 
Pork  at — 

Ton,  and  Dressed 
Pork  at  — 

Ton,  and  Dressed 
Pork  at  — 

for  Hkim-milk. 

•   i 

■a 

..."O 

■o 

T3 

■,■0 

-a 

it's 

-,  ^ 

2  a 

3 

a 

S  a 

-,  "3 

a 

2  o 

S  3 

»,  3 

C   3 

i2  3 

3 

a  3 

2  3 

m    3 

0  S 

a  o 

S  O 

a  3 

M    O 

a  o 

oD-i 

304 

Oi. 

oPh 

oSh 

OOh 

oPli 

OOc 

O  ^ 

O  o 

°  js 

O  ^ 

O  S 

3  ^ 

C  u 

6^ 

3  *< 

>  o- 

>.  a 

>  <^ 

M  °' 

t»  ft 

>  ft 

mS 

>  ft 

S^ 

fa 

tn 

03 

m 

02 

fa 

s 

02 
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.83 
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.61 

.78 

.39 

.56 
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Per  100  pounds  (cents). 

23.07 

30.73 

38.19 

20.66 

28.14 

35.86 

18.08 

25.82 

35.70 
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Table  XI.  —  Average  Cost  of  Feed  x>er  Pound  of  Growth  produced. 


Live  Weight 

Dressed  Weight 

(Cents). 

(Cents). 

With  corn  meal  at  $15  "  other  grains  "  at  $17.50, 

milk  at  \ 

cent  per  quart 

. 

2.78 

3.47 

Witli  corn  meal  at  $15  "  other  grains  "  at  $17. 5U, 

milk  at  | 

cent  per  quart 

4.00 

4.99 

With  corn  meal  at  $17  50  "  other  grains  "  at  $20, 

milk  at  \ 

cent  per  quart 

. 

3.04 

3.79 

With  corn  meal  at  $17.50  "  other  grains  "  at  $20, 

milk  at  | 

cent  per  quart, 

4.25 

5.31 

With  corn  meal  at  $20  "  other  grains  "  at  $22  50, 

milk  at  \ 

cent  per  quart, 

3.63 

4.53 

With  corn  meal  at  $20  "other  grains"  at  $22.50, 

milk  at  \ 

cent  per  quart 

• 

4.51 

5.63 

D.  ^  Rations  for  Growing  Pigs. 
Ration  No.  I. —  With  Unlimited  Supply  of  Milk. 


Weight  of  Pigs. 


Rations. 


20  to    60  pounds,  . 

60  to  100  pounds,  . 

100  to  180  pounds,  . 


3  ounces  of  corn  meal  *  to  each  quart  of  milk. 
6  ounces  of  corn  meal  to  each  quart  of  milk. 
8  ounces  of  corn  meal  to  each  quart  of  milk. 


Ration  No.  II.  —  With  Limited  Supply  of  Milk  (5  to  6  quarts  per 

Pig  daily) . 


Weight  of  Pigs. 


Rations. 


20  to  60  pounds,  . 
60  to  100  pounds,  . 
100  to  180  pounds,  . 


3  ounces  of  corn  meal*  to  each  quart  of  milk,  and  then  gradually  in- 
crease corn  meal  to  satisfy  appetites. 


*  Wheat,  rye  or  hominy  meals  can  be  substituted  for  corn  meal. 


Ration  No.  III. 


Weight  or  Pigs. 


Rations  . 


20  to    60  pounds, 

60  to  100  pounds, 

100  to  180  pounds. 


Milk  at  disposal,  plus  mixture  of  one-third  corn  meal,  one-third  wheat 
bran  and  one-third  gluten  meal,  to  satisfy  appetites. 

Milk  at  disposal,  plus  mixture  of  one-half  corn  meal,  one-quarter  wheat 
bran  and  one-quarter  gluten  meal,  to  satisfy  appetites. 

Milk  at  disposal,  plus  mixture  of  two-thirds  corn  meal,  one-sixth 
wheat  bran  and  one-sixth  gluten  meal,  to  satisfy  appetites. 
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Ration  No.  IV.* 


"Weight  of  Pigs. 


Rations. 


20  to    60  pounds, 

60  to  100  pounds, 

100  to  180  pounds. 


3  ounces  of  corn  meal  to  each  quart  of  milk,  and  4  ounces  of  gluten 

feed  as  a  substitute  for  quart  of  milk. 
Milk  at  disposal,  and  mixture  of  one-half  corn  meal  and  one-half  gluten 

feed,  to  satisfy  appetites. 
Milk  at  disposal,  and  mixture  of  two-thirds  corn  meal  and  one-third 

gluten  feed,  to  satisfy  appetites. 


*  This  ration  is  preferable  to  Ration  No.  II. 

E.  Experiments  with  Salt  Hay. 
The  extensive  series  of  experiments  carried  on  to  ascer- 
tain the  nutritive  value  of  different  kinds  of  salt  hay  were 
completed  and  the  experiments  and  results  published  in 
Bulletin  No.  50,  in  January,  1898,  to  which  the  reader 
is  referred  for  all  details. 

F.  Experiments  to  ascertain  the  Effect  of  Dif- 
ferent Amounts  of  Protein  upon  the  Cost  and 
Quality  of  Milk. 
During  the  winter  of  1897-98  two  experiments,  with 
twelve  cows,  were  carried  out,  to  investigate  the  effect 
of  1.50,  2  and  2.50  pounds  of  protein  upon  the  cost  and 
quality  of  milk.  The  total  amount  of  digestible  nutrients 
fed  daily  was  the  same  in  each  case.  Experiment  I.  ex- 
tended over  nine  weeks  and  Experiment  II.  over  four 
weeks.  This  work  has  not  been  published.  About  5  per 
cent,  more  milk  was  produced  on  2  pounds,  and  10  per 
cent,  more  on  2^  pounds,  of  protein  daily,  than  when  the 
animals  received  1^  pounds  each.  The  quality  of  the  milk 
was  scarcely  changed.  The  cost  of  the  different  rations  will 
depend  upon  the  cost  of  the  several  concentrated  feeds.  As 
the  market  has  been  for  the  past  two  years,  milk  produced 
by  aid  of  the  rations  containing  2|-  pounds  of  protein  daily 
would  cost  rather  less  than  that  produced  by  li-  or  2  pounds. 
The  manure  derived  from  the  highest  protein  ration  would  be 
10  per  cent,  more  valuable,  and  the  animals  generally  have 
a  better  appearance  than  when  receiving  but  1|-  pounds  per 
day.  It  is  believed  that  a  continuous  feeding  of  2  or  2^ 
pounds  of  protein  daily  tends,  to  some  extent,  to  develop 
the  milk-producing  aipacity  of  the  cow.     Animals  that  will 
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not  stand  a  reasonably  generous  feeding  had  better,  be  con- 
signed to  the  butcher.  The  writer  is  of  the  opinion  that 
animals  weighing  from  800  to  1,000  pounds,  producing  from 
10  to  15  quarts  of  milk  per  day,  should  receive  about  2.5 
pounds  of  digestible  protein  and  15  to  16  pounds  of  total 
nutrients  daily.  This  is  in  accordance  with  Wolff's  rations. 
"When  protein  is  costly,  it  might  be  advisable  to  reduce  the 
amount  to  2  pounds  daily.  The  detailed  records  of  these 
and  other  experiments  along  this  line  will  be  published  later. 

G.  Digestion  Experiments. 
During  the  past  three  years  there  have  been  made  about 
forty  successful  digestion  experiments,  mostly  with  the  va- 
rious concentrated  feeds,  to  ascertain  their  value  for  feeding 
purposes.  The  details  of  the  experiments  have  not  been  pub- 
lished. Some  of  the  results  (digestion  coefficients)  have  been 
published  in  Bulletin  No.  50,  and  in  the  annual  reports  for 
1896  (page  135)  and  1897  (page  84)  ;  others  follow  below. 
The  results  have  been  utilized  in  showing  the  nutritive  value 
of  a  number  of  coarse  fodders,  and  in  preparing  a  key  to  the 
comparative  values  of  concentrated  feeds,  as  given  in  Bulletin 
No.  56  (page  23).  It  is  hoped  to  publish  the  details  of  the 
experiments  before  long. 


Digestion  Coefficients  resulting 

from  Digestion  Experiments. 
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Average,  both  samples, 
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61 

60 

51 
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Hay  of  mixed  grasses  (late  cut), 

2 

53 

64 

39 

54 

56 

26 

Hay  of  mixed  grasses  (late  cut), 

2 

57 

55 

44 

57 

69 

42 

Barn-yard  millet  hay  (late  blossom), 

3 

57 

64 

46 

52 

62 

63 

Barn  yard  millet  (green,  blossom),    . 

2 

74 

68 

64 

76 

74 

66 

Barn-yard  millet  (green,  week  later 

than  above), 

1 

67 

72 

61 

65 

71 

61 

Peas  and  oats  (green,  in  blossom),     . 

] 

3 

70 

70 

57 

76 

68 

49 

Vetch  and  oats  (green,  in  blossom),  . 

3 

67 

75 

47 

68 

68 

53 

Corn  ensilage  (Pride  of  the  North),  . 

2 

74 

45 

77 

82 

80 

26 

Hominy  meal, 

1 

89 

63 

94 

94 

- 

- 

Cerealine  feed, 

3 

90 

80 

81 
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82 

- 

Peoria  gluten  feed, 

3 

91 

85 

88 

95 

- 

- 

Quaker  oat  feed,  . 

3 

62 

81 

89 

67 

43 

- 

Victor  corn  and  oat  feed,    . 

3 

75 

71 

87 

83 

48 

- 

H.  0.  dairy  feed,  . 

2 

65 

78 

85 

70 

41 

- 

H.  0.  horse  feed, . 

1 

70 

74 

84 

79 

35 
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EEPOET   OF   THE   AGRICULTUKIST. 


WM.   P.  BROOKS  ;    ASSISTANT,   II.  M.  THOMSON. 


Soil  Tests. 
During  the  past  season  four  soil  tests  upon  the  co-opera- 
tive plan  agreed  upon  in  Washington  in  1889  have  been 
carried  out.  Two  of  these  were  upon  our  own  grounds,  — 
one  with  corn  and  the  other  witli  onions  as  the  crop ;  one 
in  Norwell,  Plymouth  County,  with  oats ;  and  one  in 
Montague,  Franklin  County,  also  with  oats. 

1.  Soil  Test  with  Corn.  Amherst. 
The  past  is  the  tenth  season  that  the  experiment  on  this 
field  has  been  in  progress.  The  crops  in  order  of  rotation 
have  been  corn,  corn,  oats,  grass  and  clover,  grass  and 
clover,  corn  followed  by  mustard  as  a  catch  crop,  rye,  soy 
beans,  white  mustard,  and  this  year  corn  once  more.  Dur- 
ing all  this  time  four  of  the  fourteen  plots  into  which  the 
field  is  divided  have  received  neither  manure  nor  fertilizer ; 
three  have  received  but  a  single  important  manurial  element, 
—  every  year  the  same ;  three  have  received  each  year  two 
important  elements  ;  one  has  received  all  three  yearly  ;  and 
one  each  has  received  yearly  lime,  plaster  and  farm-yard 
manure.  It  will  be  seen  that  the  greater  part  of  the  field 
has  remained  either  entirely  unmanured  or  has  had  but  a 
partial  manuring,  and  it  will  be  readily  understood  that  the 
degree  of  exhaustion  of  most  of  the  plots  is  considerable. 
The  nothing  plots  produce  this  year  an  average  of  about 
twelve  bushels  of  shelled  corn  per  acre  ;  and  even  this  figure 
is  somewhat  too  high,  owing  to  the  fact  that  after  this  long 
period  one  of  the  nothing  plots  which  adjoins  the  plot  which 
has  been  yearly  manured  at  the  rate  of  five  cords  per  acre 
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begins  to  feel  the  effect  of  the  high  fertility  of  its  neighbor, 
although  separated  from  it  by  a  strip  three  and  one-half  feet 
wide. 

The  single-element  plots,  one  receiving  nitrate  of  soda 
only  yearly,  another  phosphoric  acid  and  the  third  potash, 
give  this  year  practically  equal  crops  of  grain,  respectively 
at  the  rate  of  20.6,  18.5  and  19.8  bushels  per  acre.  The 
nitrate  of  soda  and  dissolved  bone-black  give  a  crop  at  the 
rate  of  32  bushels  per  acre,  while  nitrate  of  soda  and  potash 
give  at  the  rate  of  but  10.9  bushels.  The  dissolved  bone- 
black  and  muriate  of  potash  do  much  better,  yielding  at  the 
rate  of  41.2  bushels.  The  fertilizer  supplying  nitrogen, 
phosphoric  acid  and  potash  gives  a  crop  of  55.9  bushels, 
while  manure  gives  67.7  bushels. 

It  may  be  remembered  that  in  each  of  the  three  previous 
years  in  which  this  field  has  produced  corn  the  muriate  of 
potash  has,  whether  singly  or  in  any  combination,  proved 
much  more  useful  than  either  of  the  other  fertilizers  used. 
There  is  much  evidence  in  the  behavior  of  the  crops  this 
year,  during  the  growing  season  and  in  the  results,  that  this 
salt  is  proving  injurious  in  its  chemical  effect  upon  the  soil. 
I  believe  this  effect  to  be  a  loss  of  lime  in  the  form  of 
chloride  by  leaching,  but  cannot  regard  this  as  yet  proven. 
I  will  present  the  facts  apparently  bearing  upon  the  case, 
and  leave  full  discussion  to  a  later  report. 

1.  During  the  early  part  of  the  growing  season  the  corn 
upon  all  the  plots  which  had  received  muriate  of  potash  was 
distinctly  behind  that  upon  other  plots. 

2.  As  the  season  advanced,  the  corn  upon  these  plots 
gradually  lost  its  sickly  appearance,  gained  upon  that  in  the 
other  plots,  eventually  excelling,  in  the  case  of  the  plot  re- 
ceiving nitrogen,  phosphoric  acid  and  potash,  that  in  all 
other  plots  except  the  manure  plot. 

3.  This  unhealthy  appearance  of  the  corn  early  in  the 
season,  followed  by  great  improvement  later,  is  analogous 
to  effects  noticed  in  other  experiments,*  where  chlorides 
have  been  used,  and  where  liming  the  land  has  remedied  the 
faulty  condition. 

*  For  example,  Plot  6,  Field  A.    See  report  State  Experiment  Station  for  1896. 
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4.  On  that  plot  receiving  dissolved  bone-black  as  well  as 
muriate  of  potash,  the  crop  was  in  the  end  a  good  one.  As 
is  well  known,  the  dissolved  bone-black  contains  a  large 
amount  of  sulphate  of  lime.  It  is  believed  that  this  may 
take  the  place  of  the  lime  leached  from  the  soil  as  a  conse- 
quence of  the  use  of  the  muriate  of  potash,  or  at  least  that  it 
corrects  in  some  way  the  faulty  condition  consequent  upon 
the  use  of  this  salt.  It  may  here  be  pointed  out  that  a 
similar  corrective  influence  is  evident  in  the  results  obtained 
both  in  1897  and  1898  upon  our  other  home-test  acre,  which 
will  immediately  be  discussed. 

It  is  of  interest,  further,  to  point  out  that  the  crop  this 
year  upon  the  lime  plot  was  not  quite  equal  to  the  average 
of  the  nothing  plots,  while  that  of  the  plaster  plot  (sulphate 
of  lime)  was  about  double  that  of  the  lime  plot.  In  the 
earlier  years  of  this  soil  test  the  yield  of  neither  the  lime  nor 
the  plaster  plot  ever  exceeded  that  of  the  nothings,  but  for 
the  past  three  years  the  plaster  plot  has  been  relatively  gain- 
ing. The  explanation  of  this  difference  between  the  effect 
of  plaster  and  lime  is  not  apparent.  It  will  be  made  the  sub- 
ject of  future  study. 

Oonclusions. 

1 .  The  yield  of  the  plot  which  for  ten  years  has  received 
only  phosphoric  acid  and  potash  (41.2  bushels  per  acre) 
illustrates  in  a  striking  way  the  comparative  independence 
of  the  corn  crop  of  supplied  nitrogen  upon  this  soil. 

2.  The  crop  raised  where  nitrogen,  phosphoric  acid  and 
potash  have  been  yearly  applied  (nitrate  of  soda,  dissolved 
bone-black  and  muriate  of  potash)  for  ten  years  shows  that 
profitable  results  may  be  obtained  by  the  use  of  fertilizers 
alone.  The  yearly  cost  of  the  application  to  this  plot  has 
been  from  $10  to  $12.  The  crops  have  not  been  much  in- 
ferior to  those  on  the  plot  to  which  manure  at  the  rate  of  5 
cords  per  acre  has  been  yearly  applied.  The  two  crops  this 
year  are,  respectively  :  for  the  fertilizer,  55.9  bushels;  for 
the  manure,  67.7  bushels.  The  extra  11  bushels  of  corn 
will  not  cover  the  added  cost  of  the  manure,  as  compared 
with  the  fertilizer ;  and  in  earlier  years  the  differences  in 
yield  have  been  relatively  much  smaller  than  this  year. 
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3.  The  problems  suggested  by  the  results  of  the  year 
must  be  regarded  as  the  most  valuable  product  of  this  ex- 
periment. These  problems  are  not  solved.  Their  solution 
will  throw  important  light  upon  methods  to  be  enaployed  in 
compounding  and  selecting  fertilizers. 

2.     Soil  Test  with  Onions.     Amherst. 

This  experiment  occupied  a  field  which  has  been  employed 
in  work  of  this  kind  for  nine  years,  the  several  plots  hav- 
ing been  every  year  manured  alike,  as  described  under  the 
"Soil  test  with  corn."  The  crops  in  the  order  of  rotation 
have  been  :  potatoes,  corn,  soy  beans,  oats,  grass  and  clover, 
grass  and  clover,  cabbages  and  rutabaga  turnips,  and  pota- 
toes. The  land  was  ploughed  in  the  fall  of  1897,  and  sown 
with  winter  rye  as  a  cover  crop.  The  rye  was  turned  in 
before  it  had  made  much  of  a  spring  growth,  April  21. 
Fertilizers  were  employed  this  year  in  double  the  usual 
quantities;  viz.,  nitrate  of  soda  at  the  rate  of  320  pounds; 
dissolved  bone-black,  640  pounds ;  and  muriate  of  potash, 
320  pounds,  per  acre.  These  fertilizers  are  each  used  upon 
one  plot  singly,  in  pairs,  and  upon  one  plot  all  three  to- 
gether. 

The  seed  was  sown  in  the  customary  manner,  but  more 
thickly,  on  May  9.  Germination  was  prompt  and  perfect. 
The  development  of  the  crop  throughout  the  season  was 
most  suggestive  in  problems  for  future  solution.  At  the 
start  plants  upon  the  four  plots,  potash  alone,  potash  and 
bone-black,  potash  and  nitrate,  and  potash  with  both  bone- 
black  and  nitrate,  were  much  ahead  of  those  on  the  plots  not 
manured  with  potash.  There  was  every  indication  that  this 
element  would  almost  entirely  control  the  crop,  for  there 
was  good  growth  wherever  potash  was  applied,  and  but 
feeble  growth  elsewhere.  The  potash  plots,  however,  after 
about  four  weeks,  began  to  lose  their  superiority ;  and  it 
was  not  long  ere  many  of  the  plants  upon  these  plots  be- 
came manifestly  very  unthrifty,  and  before  the  end  of  the 
season  many  of  them  had  died.  Meanwhile,  the  phosphoric 
acid  plots  began  to  gain ;  and  the  results  show  that  this, 
more  than  either  the   nitrogen  or  the  potash  supply,  con- 
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trolled  the  product.  The  crop  was  very  light,  however, 
even  upon  the  best  plot,  which  was  at  the  rate  of  116.9 
bushels  per  acre,  upon  the  plot  receiving  nitrate  of  soda  and 
dissolved  bone-black.  Upon  the  plots  receiving  these  two 
fertilizers  and  muriate  of  potash  the  crop  amounted  to  only 
16.3  bushels  per  acre.  Here  is  strong  evidence  that  the 
muriate  of  potash  has  produced  in  the  soil  of  this  field  con- 
ditions absolutely  prejudicial  to  the  growth  of  the  onion. 

Last  year  this  field  was  in  potatoes  under  the  same  sys- 
tem of  manuring,  but  with  half  the  quantities  employed  this 
year.  The  crop  of  potatoes  on  the  nitrate  and  bone-black 
was  much  heavier  than  on  these  two  and  potash,  and  in  com- 
menting upon  this  fact  in  my  annual  report  I  wrote  :  ' '  The 
apparent  superiority  of  the  phosjDhoric  acid  and  nitrogen  is 
chiefly  due  to  the  fact 'that  the  plot  to  which  these  two  ele- 
ments alone  were  applied  was  for  some  reason  (not  believed 
to  be  the  efil'ect  of  the  fertilizer  alone)  nearly  twice  as  great 
as  that  upon  any  other  plot.  Had  the  crop  where  the  pot- 
ash was  added  to  the  nitrogen  and  phosphoric  acid  been 
better  or  even  as  good  as  that  where  the  phosphoric  acid  and 
nitrogen  alone  were  used,  we  should  be  justified  in  the  con- 
clusion that  nitrogen  and  phosphoric  acid  are  the  elements 
chiefly  required.  The  crop  where  all  three  elements  were 
combined  was,  however,  much  inferior  to  that  where  the 
nitrogen  and  phosphoric  acid  were  used  without  potash. 
We  must,  therefore,  conclude  that  some  disturbing  factor, 
at  present  unknown,  influenced  the  results." 

In  view  of  the  similar  relative  results  upon  the  two  plots 
under  discussion  this  year,  I  am  now  forced  to  conclude 
that  I  was  mistaken  last  year  in  supposing  that  the  superi- 
ority of  the  plot  receiving  nitrogen  and  phosphoric  acid 
only  was  not  "  the  efiect  of  the  fertilizer  alone." 

I  now  believe  that  the  muriate  of  potash  has  proved 
actually  injurious  to  the  last  two  crops,  and  that  the  expla- 
nation (the  loss  of  lime  which  it  causes)  already  suggested 
accounts  for  this  effect. 
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The  Proper  Course  as  regards  Potash  Supply, 
What,  then,  in  view  of  such  results,  are  we  to  recom- 
mend? Clearly  not  to  cease  using  potash,  — we  have  been 
unable  to  raise  good  crops  without  it.  It  is  believed  the 
remedy  will  be  found  in  one  of  three  directions;  viz.,  (1) 
the  occasional  liberal  use  of  lime  where  muriate  of  potash  is 
employed;  (2)  the  use  of  other  potash  salts,  such  as  car- 
bonate or  sulphate;  or  (3)  the  employment  of  wood  ashes 
as  a  source  of  potash.  Should  potash  be  supplied  in  the 
form  of  either  carbonate  or  sulphate,  lime  leaches  from  the 
soil  much  less  rapidly ;  the  same  is  true  of  ashes,  and  these, 
moreover,  supply  much  lime.  This  entire  question,  how- 
ever, demands  further  experimental  study,  and  I  am  not  at 
present  prepared  to  give  definite  advice  upon  this  point. 

Again,  in  conclusion  it  may  be  said  the  most  profitable 
results  of  the  year's  work  are  the  suggestions  for  future  lines 
of  work,  which,  being  completed,  must  throw  much  needed 
light  upon  the  problems  connected  with  the  use  of  fertilizers. 

3.     Soil  Test  luith  Oats.     JSForwell. 

The  past  was  the  third  season  of  soil  test  work  upon  this 
acre,  the  two  preceding  crops  having  both  been  corn.  The 
results  with  both  of  the  tests  with  corn  have  indicated  a 
strong  demand  for  potash  by  corn  on  this  soil.  These 
results  were  thus  in  entire  agreement  with  those  obtained 
in  almost  all  of  the  large  number  of  soil  tests  with  this  crop 
that  during  the  past  ten  years  have  been  carried  out  under 
my  direction  in  all  the  counties  of  the  State. 

The  results  the  past  season  with  oats  seem  also  to  be  in 
general  accord  with  results  previously  obtained  in  other 
sections  with  this  crop.  This  is  not  shown  clearly  by  the 
figures  giving  the  yields,  for  the  reason  that  excessive  rains 
flooded  parts  of  the  field  which  is  nearly  flat  soon  after  the 
seed  was  sown,  rendering  germination  poor  and  uneven. 

From  examination  during  the  growing  season  I  feel  certain 
that  in  this  experiment  it  was  the  nitrate  of  soda  which  most 
largely  benefited  the  crop.  The  crop  on  dissolved  bone- 
black  was  at  the  rate  of  9 . 7  bushels  per  acre ;  on  dissolved 
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bone-black  and  nitrate  of  soda  it  was  13  bushels.  On 
muriate  of  potash  the  crop  was  10  bushels ;  on  the  muriate 
and  nitrate  of  soda  it  was  13.6  bushels.  On  the  bone-black 
and  muriate  of  potash  the  crop  was  at  the  rate  of  9.8  bushels 
per  acre ;  on  these  two  fertilizers  and  nitrate  of  soda  it  was 
17.8  bushels.  The  soil  is  clearly  in  need  also  of  both  phos- 
phoric acid  and  potash  for  good  crops,  although  the  figures 
of  this  year  afford  no  certain  index  to  its  condition,  owing 
to  the  damage  by  water  above  mentioned. 

4.     Soil  Test  with  Oats.     Montague. 

The  present  is  also  the  third  season  of  soil  test  work 
upon  this  soil,  the  preceding  crops  having  been  corn,  which, 
owing  to  accidental  conditions,  did  not  give  decisive  results. 
The  experiment  of  the  past  season  is  eminently  satisfactory. 
The  five  nothing  plots  have  given  fairly  even  crops,  varying 
from  18.8  to  24.4  bushels  per  acre  of  grain,  averaging  21.5 
bushels  ;  while  the  straw  yield  has  varied  on  these  plots  from 
1,470  to  1,830  pounds,  averaging  1,554  pounds,  per  acre. 
The  crop  on  nitrate  of  soda  alone  was  30.3  bushels  of  grain 
and  2,210  pounds  of  straw;  on  dissolved  bone-black,  24.4 
bushels  and  1,550  pounds;  on  muriate  of  potash,  21.3 
bushels  and  1,470  pounds.  This  marked  increase  on  the 
nitrate  of  soda,  as  compared  with  the  almost  complete  ab- 
sence of  efiect  of  the  other  fertilizers  used  alone,  is  striking. 

The  dissolved  bone-black  and  muriate  of  potash  together 
gave  23.8  bushels  of  grain  and  1,810  pounds  of  straw. 
Again  we  see  practically  no  effect ;  but  when  we  use  ni- 
trate of  soda  with  these  two  fertilizers,  we  have  a  crop  of 
31.3  bushels  of  grain  and  2,710  pounds  of  straw.  Nitrate 
of  soda  with  muriate  of  potash  gives  30.3  bushels  and  2,350 
pounds,  and  with  dissolved  bone-black  it  gives  31.3  bushels 
and  2,330  pounds. 

It  will  be  seen,  then,  that  in  this  experiment  it  was  the  ni- 
trate of  soda  alone  which  proved  efi'ective.  Alone  and  in  all 
its  combinations  it  gave  a  large  increase  in  crop,  and  in  all 
cases  practically  the  same.  The  average  increase  apparently 
due  to  the  use  of  this  fertilizer  amounted  to  8  bushels  of 
grain  and  804  pounds  of  straw.     The  average  increases  ap- 
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parently  due  to  the  use  of  dissolved  bone-black  were  2.1 
bushels  of  grain  and  193.4  pounds  of  straw;  those  appar- 
ently due  to  the  muriate  of  potash  were  1  bushel  of  grain 
and  175  pounds  of  straw. 

Manure  at  the  rate  of  5  cords  per  acre  gave  about  806 
pounds  more  straw,  but  only  .7  bushels  more  grain  than 
the  complete  fertilizer,  costing  some  $13  per  acre  less ; 
and  the  manure  crop  did  not  indeed  surpass  the  crop  on 
nitrate  of  soda  alone  in  much  greater  degree.  The  latter 
application  cost  $3.20  per  acre,  while  the  manure  can 
scarcely  be  estimated  at  less  than  $25. 

This  Montague  experiment  is  one  of  the  most  perfectly 
satisfactory  in  a  long  series  of  such  experiments ;  and  it  is 
a  pleasure  to  see  that  its  teaching  as  to  the  value  of  nitrate 
of  soda  for  the  oat  crop  is  so  entirely  in  agreement  with 
that  of  other  experiments  with  this  crop. 

For  convenience  is  appended  a  statement  giving  the  ar- 
rangement of  plots  and  the  system  of  manuring  in  nearly  all 
our  soil  test  work,  which  now  extends  over  ten  seasons  :  — 

Plot    1,  nothing. 

Plot    2,  nitrate  of  soda,  160  pounds  per  acre. 

Plot    3,  dissolved  bone-black,  320  pounds  per  acre. 

Plot    4,  nothing. 

Plot    5,  mm'iate  of  potash,  160  pounds  per  acre. 

■p]  f     c  j  nitrate  of  soda,  160  pounds  per  acre. 

(  dissolved  bone-black,  320  pounds  per  acre, 
pi   ,     rr    f  nitrate  of  soda,  160  pounds  per  acre. 

(  muriate  of  potash,  160  pounds  per  acre. 
Plot    8,  nothing. 
PI  +    q   j  dissolved  bone-black,  320  pounds  per  acre. 

(.  muriate  of  potash,  160  pounds  per  acre. 

i  nitrate  of  soda,  160  pounds  per  acre, 
dissolved  bone-black,  320  pounds  per  acre, 
muriate  of  potash,  160  pounds  per  acre. 
Plot  11,  plaster,  160  pounds  per  acre. 
Plot  12,  nothing. 

Plot  13,  manure,  5  cords  per  acre. 
Plot  14,  lime,  160  pounds  per  acre. 
Plot  15,  nothing. 
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Manure  Alone  v.  Manure  and  Potash. 

An  experiment  in  continued  corn  culture  for  the  com- 
parison of  an  average  application  of  manure  with  a  smaller 
application  of  manure  used  in  connection  with  muriate  of 
potash  was  begun  in  1890.  A  full  account  will  be  found  in 
the  annual  reports  of  1890-95,  and  in  the  latter  year  a 
general  summary  of  the  results  is  given. 

The  land  used  in  this  experiment  was  seeded  with  a  mix- 
ture of  timothy,  red-top  and  clover  in  the  standing  corn 
of  1896.  A  good  stand  of  grass  and  clover  was  secured, 
although  the  latter  was  rather  unevenly  developed  in  different 
parts  of  the  field,  suggesting  a  possible  lack  of  thoroughness 
in  mixing  the  seeds. 

No  manure  or  potash  was  used  in  1897.  The  field  in- 
cludes four  plots,  of  one-fourth  an  acre  each.  The  average 
results  for  1897  are  shown  below :  — 

Plots  1  and  3  (manure  alone,  6  cords  per  acre,  1890-96)  :  hay, 
1,403^  pounds  ;  rowen,  784  pounds. 

Plots  2  and  4  (manure,  3  cords  per  acre,  1890-92 ;  4  cords, 
1893-96  ;  and  potash,  160  pounds  per  acre)  :  hay,  961^  pounds  ; 
rowen,  53 6|^  pounds. 

This  field  was  continued  in  grass  and  clover  during  the 
present  season,  but  manure  and  potash  were  applied  as 
shown  below :  — 

Plot  1,  manure,  1  cord;  weight,  5,087.5  pounds, 
p,   ,  f,    f  manure,  .5  cord;  weight,  2,712.5  pounds. 

'  (  muriate  of  potash ;  weight,  40  pounds. 
Plot  3,  manure,  1  cord;  weight,  5,372.5  pounds. 
PI  t  4   J  manure,  .5  cord;  weight,  2,855  pounds. 
i  muriate  of  potash  ;  weight,  40  pounds. 

The  manure  applied  to  each  plot  was  sampled  and  analyzed, 
and  from  the  analyses  the  amounts  of  the  three  most  essential 
elements  of  plant  food  applied  per  acre  were  calculated,  with 
results  shown  below  :  — 


1899.] 


PUBLIC   DOCUMENT— No.  31. 


133 


Manurial  Ingredients  per  Plot. 


Nitrogen 
(Pounds). 


Phosphoric 

Acid 
(Pounds). 


Potash 
(Pounds). 


Plot  1,    in  manure, 
]  in  manure, 


Plot  2   \       "JO""'<=, 

'  I  in  muriate  of  potash, 

Plot  3,    In  manure, 

p,  .,   (in  manure, 

'  (  in  muriate  of  potash, 


20.9 
11.4 

22.0 
15.1 


14.2 
6.2 

15.0 
9.7 


15.2, 
19.9  ' 


18.0, 
19.9  ' 


The  manure  was  applied  on  April  1 ,  the  muriate  of  potash 
to  plots  2  and  4  on  April  9. 

During  the  later  growth  of  the  mixed  grasses  and  clovers 
upon  these  plots  it  was  plainly  evident  that  the  clover  was 
relatively  more  prominent  upon  plots  2  and  4.  The  first 
crop  was  cut  on  June  20 ;  the  second,  on  August  26,  and 
both  were  secured  in  excellent  condition. 


Yield  per  Plot. 


Rowen 
(Pounds). 


Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 


840 
730 
810 
830 


Average  Yield  per  Acre. 


Plots  1  and  3  (manure  alone), 
Plots  2  and  4  (manure  and  potash). 


5,710 
5,235 


3,300 
3,120 


Combining  the  figures  showing  the  yields  in  hay  and 
rowen,  we  find  that  the  average  of  plots  1  and  3  is  at  the 
rate  of  9,010  pounds  per  acre ;  and  of  plots  2  and  4,  8,355 
pounds.  There  is,  then,  a  difference  of  655  pounds  only  in 
total  yields  per  acre,  in  favor  of  the  large  application  of 
manure  alone.  This  amount  is  quite  insufficient  to  cover 
the  larger  cost  of  the  acre  application  ($6.80  in  the  case  of 
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the  manure  alone).  This  field  has  now  been  broken  up, 
and  will  next  year  be  put  once  more  into  corn,  when  it  is 
believed  the  beneficial  effect  of  the  lar^e  g-rowth  of  clover 
upon  plots  2  and  4  will  become  apparent. 

"Special"   Corn   Fertilizer   v.  Fertilizer   Richer   in 

Potash. 

This  experiment  was  begun  with  a  view  to  comparing  the 
results  obtained  with  a  fertilizer  proportioned  like  the  aver- 
age ' '  special "  corn  fertilizers  found  upon  the  markets  in 
1891  with  those  obtained  with  a  fertilizer  richer  in  potash, 
but  furnishing  less  nitrogen  and  phosphoric  acid. 

Corn  was  grown  during  each  of  the  years  from  1891  to 
1896  inclusive.  From  1891  to  1895  it  was  found  that  the 
fertilizer  richer  in  potash  gave  the  more  profitable  results. 
In  1896  there  was  no  practical  difi'erence.  It  was  decided 
during  the  season  of  1896  that  it  might  be  possible  to  derive 
a  greater  benefit  from  the  larger  quantity  of  potash  applied 
to  two  of  the  four  plots  if  grass  and  clover  should  be  grown 
in  rotation  with  the  corn.  Accordingly  the  land  was  seeded 
with  a  mixture  of  timothy,  red-top  and  clover  in  the  stand- 
ing corn  in  July,  1896.  The  field  is  divided  into  four  plots 
of  one-fourth  of  an  acre  each.  The  materials  supplied  to  the 
several  plots  are  shown  in  the  following  table  :  — 


Febtilizbrs. 


Plots  1  and  3 
(Pounds  Each), 


Plots  2  and  4 
(Pounds  Each). 


Nitrate  of  soda, 

Dried  blood, 

Dry  ground  fish. 

Plain  superphosphate,    . 

Muriate  of  potash,    . 

Cost  of  materials  per  plot. 


20.0 
30.0 
30.0 
226,0 
22.5 
$3  23 


18.0 
30.0 
20.0 

120.0 
60.0 

$3  10 


In  1897  the  average  (both  hay  and  rowen)  produced  by 
plots  1  and  3  was  873.5  pounds,  or  3,494  pounds  per  acre; 
on  plots  2  and  4,  860.5  pounds,  or  3,442  pounds  per  acre. 
This  difference  is  too  small  to  be  of  practical  significance. 
The  rowen  crop  was  heavier  on  plots  2  and  4  than  on  plots 
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1  and  3,  showing  an  apparent  influence  of  the  greater  amount 
of  potash  used  on  these  plots  in  a  larger  proportion  of  clover. 
For  the  present  season  the  fertilizers  were  applied  as  last 
year,  being  evenly  broadcasted  on  April  11.  The  first  crop 
was  cut  June  21.  It  consisted  largely  of  red-top,  which 
was  then  not  fully  in  bloom.  The  second  crop  was  cut 
August  26.  Both  crops  were  well  secured,  and  the  yields 
are  shown  below  :  — 


Yield  of  Hay  and  Mowen,  1898. 


Plots. 


Rowen 
(Pounds)  • 


Plot  1  (leaser  potash),  . 
Plot  2  (richer  in  potash), 
Plot  3  (lesser  potash),  . 
Plot  4  (richer  in  potash) , 


530 
440 
365 
415 


Average  Bates  per  Acre. 


Plots  1  and  3, 
Plots  2  and  4, 


2,420 
2,270 


1,790 
1,710 


We  have  then,  as  will  be  seen,  an  average  product,  from 
the  application  richer  in  nitrogen  and  phosphoric  acid,  at  the 
rate  of  150  pounds  of  hay  and  80  pounds  of  rowen  per  acre 
more  than  from  the  application  poorer  in  these  elements  and 
richer  in  potash.  It  is  believed  that  the  failure  of  plots  2 
and  4  to  show  greatly  superior  development  of  clover  is  in 
part  due  to  variations  in  physical  characteristics  of  the  soil 
of  the  different  plots,  leading  to  unfavorable  moisture  con- 
ditions, which  prevented  an  even  catch  of  clover  on  plots  2, 
3  and  4,  but  did  not  injuriously  affect  Plot  1.  Further,  it 
should  be  pointed  out  that  results  which  will  be  published 
later  in  this  report  in  the  case  of  clover  experiments  on  a 
series  of  plots  manured  alternately  with  muriate  of  potash 
and  with  sulphate  of  potash  indicate  that  the  long-continued 
use  of  muriate  of  potash  in  liberal  amounts  without  liming  is 
unfavorable  to  the  healthy  development  of  clover.  This 
field  has  now  been  broken  up,  and  will  be  again  put  into 
corn  next  season. 


136  HATCH   EXPERIMENT   STATION.         [Jan. 

Leguminous  Crops   (Clover,  Pea  and  Bean  or  "Pod" 
Family)   as  Nitrogen  Gatherers.      (Field  A.) 

This  experiment  is  a  continuation  of  a  series  begun  in 
1889.     The  objects  in  view  have  been  :  — 

1 .  To  determine  the  extent  to  which  plants  of  the  clover 
family  are  capable  of  enriching  the  soil  in  nitrogen  taken  by 
them  from  the  air  through  the  agency  of  the  nodular  bacteria 
found  upon  their  roots. 

2.  To  compare  nitrate  of  soda,  sulphate  of  ammonia, 
dried  blood  and  farm-yard  manure  as  sources  of  nitrogen.* 

The  plots,  eleven  in  number,  are  one-tenth  acre  each,  and 
are  numbered  0  to  10.  Three  plots  (4,  7  and  9)  have  re- 
ceived no  nitrogen-containing  manure  or  fertilizers  since 
1884  ;  one  {0)  has  received  farm-yard  manure  ;  two  (1  and 
2),  nitrate  of  soda;  three  (5,  6,  and  8),  sulphate  of  ammo- 
nia; and  two  (3  and  10),  dried  blood  every  year  since 
1889.  These  materials  have  been  used  in  amounts  to  fur- 
nish nitrogen  at  the  rate  of  45  pounds  per  acre  each  year. 

All  the  plots  have  received  yearly  equal  quantities  of 
phosphoric  acid  and  potash;  viz.,  80  pounds  per  acre  of 
the  former  and  125  pounds  of  the  latter  from  1889  to  1894 
and  the  past  two  seasons;  but  in  1894  and  1895,  double 
these  quantities.  To  some  of  the  plots  the  potash  is  ap- 
plied in  the  form  of  potash-magnesia  sulphate ;  to  others,  in 
the  form  of  muriate.  The  results  with  the  former  salt  have 
been  superior  to  those  with  the  latter,  as  a  rule,  particularly 
when  used  in  connection  with  sulphate  of  ammonia. 

Up  to  this  year  we  may  briefly  characterize  the  results,  in 
so  far  as  these  have  a  bearing  upon  the  two  main  questions 
proposed,  as  follows  :  — 

1.  The  leguminous  crops  grown  (soy  beans  in  1892, 
1894  and  1896)  have  not  appeared  to  enrich  the  soil  in 
nitrogen,  if  we  accept  the  results  with  the  next  following 
crop  as  affording  a  basis  of  judgment. 

2.  The  different  sources  of  nitroiren  have  ranked  on  the 


*  Only  such  details  are  given  here  as  are  necessary  to  an  understanding  of  the 
nature  of  the  experiment.  Full  particulars  will  be  found  in  our  ninth  and  tenth 
annual  reports. 
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average  in  the  following  order :  nitrate  of  soda,  farm-yard 
manure,  dried  blood  and  sulphate  of  ammonia. 

After  the  oat  crop  of  1897  was  harvested  the  land  was 
ploughed,  and  late  in  July  sown  to  Mammoth  red  clover. 
Germination  was  quick  and  good ;  but  the  young  plants  on 
all  plots  failed  to  flourish,  and  soon  took  on  a  most  unhealthy 
appearance  on  all  except  the  manure  plot,  and  even  on  this 
their  development  was  not  what  could  be  desired.  In  April 
of  this  year  the  plots  were  most  carefully  examined,  and  the 
clover  ranked  as  follows:  plot  0,  good;  1,  fair;  2,  poorer 
than  1 ;  3,  like  2  ;  4,  mostly  dead ;  5,  all  dead ;  6,  all  dead ; 
7,  like  2  ;  8,  best  in  field  (limed  in  1896)  ;  9,  like  2  ;  10, 
somewhat  better  than  2.* 

The  general  average  of  condition  was  so  poor  that  it  was 
decided  to  plough  the  field,  which  was  done  on  April  18. 
From  previous  observations  upon  this  series  of  plots  it 
was  decided  that  liming  was  called  for,  and  accordingly 
200  pounds  per  plot  of  partially  air-slaked  lime  was  spread 
on  and  harrowed  in  on  April  20.  Eight  hundred  pounds 
of  manure  was  applied  to  plot  0  on  April  23,  and  on  April 
26  the  fertilizers  were  applied. 

The  plots  were  all  sown  to  Clydesdale  oats  on  April  27, 
8|  pounds  per  plot.  The  analysis  of  the  manure  and  a 
table  showing  fertilizer  treatment  and  yields  follow  :  — 

Analysis  of  Manure  Used. 

Per  Cent. 

Moisture, 72.63 

Nitrogen, .43 

Phosphoric  acid,         .         .         .         .         .         .         .         .         .16 

Potash, 26 

*  For  manuring  of  these  plots,  see  page  138. 
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Nitrogen  Experiment.  —  Fertilizer  Treatment  and  Yields  of  Oats, 

1898. 


Plots 


Fertilizers. 


Weight 

of 

Oats 

(Pounds), 


Weight 

of 

Straw 

(Pounds). 


Bushels 

Oats 
per  Acre. 


Weight  of 

Straw 
per  Acre 
(Pounds). 


Plot  0, 

Plot  1, 

Plot  2, 

Plot  3, 
Plot  4, 
Plot  &, 

Plot  6, 
Plot  7, 
Plot  8, 
Plot  9, 
PlotlO, 


Barn-yarn  manure, 
Potash-magnesia  sulphate, 
Dissolved  bone-black, . 

Nitrate  of  soda,    . 
Potash-magnesia  sulphate. 
Dissolved  bone-black, . 

Nitrate  of  soda,     . 
Potash-magnesia  sulphate. 
Dissolved  bone-black, . 

Dried  blood, 
Muriate  of  potash. 
Dissolved  bone-black,  . 

Muriate  of  potash. 
Dissolved  bone-black, 

Ammonium  sulphate,  . 
Potash-magnesia  sulphate. 
Dissolved  bone-black, . 

Ammonium  sulphate,  . 
Muriate  of  potash, 
Dissolved  bone-black,  . 

Muriate  of  potash, 
Dissolved  bone-black. 

Ammonium  sulphate. 
Muriate  of  potash, 
Dissolved  bone-black. 

Muriate  of  potash, 
Dissolved  bone-black, . 

Dried  blood, 

Potash-magnesia  sulphate. 
Dissolved  bone-black, . 


800.0 ; 
32.0 
18.0  j 

29.0 

48.5 
50.0 

29.0] 

48.5 

50.0 ; 

43.0 
25.0 
50.0 

25.0 
50.0 

22.5 
48.5 
50.0 

22.5 
25.0 
50.0 

25.0  j 
50.0  i 

22.5] 

25.0 

50.0] 

25.0  I 
50.0  ] 

43.0; 

48.5 

40.0 


103.0 

109.0 
72.5 

123.0 
76.5 


Average  of  no-nitrogen  plots, 

Average  of  muriate  of  potash  plot  (as  far  as  comparable) , 
Average  of  sulphate  plots  (as  far  as  comparable). 


25.90 


21.40 
32.05 
35.20 


1,250.0 


1,500.0 


1,350.0 


1,600.0 


1,550.0 


1,350.0 

900.0 
1,595.0 
1,416.7 


It  is  important  to  point  out  that  the  oats  on  the  several 
plots  ripened  at  different  times.  An  eifort  was  made  to 
harvest  the  crop  upon  all  at  the  same  stage  of  maturity. 
With  this  end  in  view,  plots  1,  2  and  5  were  cut  on  July  29  ; 
plots  6,  8,  9  and  10,  on  July  30 ;  and  the  balance  on 
August  2.  Meanwhile,  there  had  occurred  the  phenome- 
nally heavy  rain  and  wind  of  July  30,  p.m.,  and  numerous 
other  heavy  showers  ;  moreover,  the  weather  continued  per- 
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sistently  bad  much  of  the  time  until  the  middle  of  August, 
and  there  was  much  loss  through  shelling  of  the  grain.  The 
straw,  therefore,  perhaps  better  than  the  grain,  affords  an 
index  to  the  relative  value  of  the  several  manurings.  The 
rank  of  the  different  sources  of  nitrogen,  taking  straw  pro- 
duction as  the  basis  of  estimation,  is  nitrate  of  soda,  sulphate 
of  ammonia,  dried  blood  and  farm-yard  manure. 

After  the  oats  were  harvested  the  land  was  ploughed,  and 
without  further  manuring  sown  to  Mammoth  red  clover, 
which  at  the  time  winter  set  in  was  in  excellent  condition. 

The  reader  will  naturally,  perhaps,  conclude  that  the 
better  condition  of  the  clover  this  year  as  compared  with 
last  is  a  consequence  of  the  liming,  and  I  am  of  opinion  that 
this  may  be  the  case  ;  but  nevertheless  I  cannot  regard  this 
as  certain,  for  the  reason  that  upon  Field  B  (reported  upon 
below),  where  clover  sown  in  the  summer  of  1897  failed, 
we  have  now  an  excellent  stand  of  this  crop  obtained  by 
sowing  seed  where  it  had  failed  this  spring,  without  liming 
or  reploughing. 

Muriate  v.  Sulphate  of  Potash  for  Clover. 
(Field  B.) 

Field  B  is  laid  off  in  eleven  equal  plots,  of  two-fifteenths 
of  an  acre  each.  The  manuring  has  been  uniform  since 
1884.  These  plots  are  numbered  from  11  to  21.  Every 
year  each  j)lot  has  received  an  application  of  ground  bone  at 
the  rate  of  600 pounds  per  acre.  The  odd-number  plots  have 
yearly  received  muriate  of  potash  and  the  even-number  plots 
the  high-grade  stdphate,  in  each  case  at  the  uniform  rate  of 
400  pounds  per  acre.  This  series  of  plots  has  produced  a 
great  variety  of  crops,  including  potatoes,  corn,  grasses, 
oats  and  barley  each,  with  vetches,  rye  and  clovers.  The 
crops  have  been  generally  excellent.  Full  details  will  be 
found  in  the  tenth  and  twelfth  annual  reports  of  the  State 
Experiment  Station,  and  the  reports  of  the  Hatch  Experi- 
ment Station  for  the  last  three  years.  In  the  summer  of 
1895  two  plots  (one  muriate  the  other  sulphate)  of  each  of 
the  following  clovers  were  ,sown  :  sweet  clover  (^Melilotus 
alba),  mammoth  red  clover,  medium  red  clover  and  alsike 
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clover.  Between  the  crops  produced  respectively  on  the 
muriate  and  sulphate  of  potash  no  marked  difference  in 
yield  was  observed  in  either  1896  or  1897.  It  was,  how- 
ever, noticed  in  1896  that  the  clover  raised  on  the  sulphate 
of  potash  was  richer  in  starch  and  similar  extractive  sub- 
stances, in  the  case  of  the  mammoth,  medium  and  alsike 
clovers,  than  that  raised  on  the  muriate,  thus  making  the 
sulphate  clover  the  more  valuable. 

Bad  Effect  of  the  Muriate. 

In  August  of  1897  the  plots  were  ploughed  and  all  again 
seeded  to  the  same  varieties  of  clover.  Germination  was 
excellent,  but  within  a  very  few  weeks  after  the  young  plants 
appeared  it  was  observed  that  in  the  case  of  the  mammoth, 
medium  and  alsike  varieties  the  plants  were  doing  very 
poorly  upon  the  muriate  plots.  As  the  autumn  advanced, 
these  plants  for  the  most  part  grew  more  and  more  feeble, 
and  many  died.  The  winter  was  favorable  to  newly  seeded 
land ;  but  in  the  spring  it  was  found  that  a  large  proportion 
of  the  plants  upon  the  muriate  plots  were  dead,  in  the  case 
of  the  varieties  above  named.  The  sweet  clover  showed  no 
difference  between  the  two  fertilizers.  The  condition  of 
the  clovers  upon  the  sulphate  plots  was  not  entirely  satis- 
factory, although  far  superior  to  that  upon  the  muriate. 

It  was  decided  to  sow  additional  seed  upon  all  the  plots 
without  reploughing.  Accordingly,  on  April  2,  4  pounds  of 
seed  of  the  appropriate  variety  were  sown  upon  each  of  the 
plots.  The  conditions  were  favorable  to  germination,  and 
a  good  stand  of  young  clover  was  obtained  upon  all  the 
plots.  The  sulphate  plots  gave  much  the  larger  yields  of 
clover  this  season,  because  they  contained  a  far  larger  pro- 
portion of  the  older  plants  from  last  summer's  sowing.  At 
the  present  time,  however,  the  condition  of  the  clover  upon 
the  muriate  and  sulphate  plots  is  fairly  even,  for  the  spring- 
sown  clover  has  done  equally  well  upon  both  the  potash 
salts. 

This  record  of  facts  is  made  without  comment,  as  with- 
out further  investigation  it  appears  to  be  impossible  to 
explain  why  the  summer-sown  clover  failed   on   the  muri- 
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ate,  while  the  spring-sown  has   jflourished  upon  the   same      ^ 
plots  without  replougliing  or  any  change  in  treatment. 

Muriate  v.  Sulphate  of  Potash  for  Corn.  (Field  B.) 
Two  plots  in  Field  B,  one  muriate  and  one  sulphate,  were 
planted  to  Sibley's  Pride  of  the  North  corn,  with  a  view  to 
testing  the  relative  value  of  these  two  potash  salts  for  this 
crop.  It  will  be  remembered  that  these  plots  have  been 
under  the  same  manurial  treatment  since  1884.  The  fer- 
tilizers were  broadcasted  after  ploughing,  and  harrowed  in, 
and  the  corn  was  planted  on  May  30,  in  drills  d^  feet  apart. 
It  was  later  thinned  to  1  foot  in  the  drills.  The  crop  was 
cut  September  9  and  husked  the  middle  of  October. 

Corn  on  Muriate  and  on  Sulphate  of  Potash. 


Corn 
(Pounds). 

Stover 
(Pounds). 

Yield  PER  Acre.  ' 

Manubing  per  Acre. 

Corn 
(Bushels). 

Stover 
(Pounds). 

•pi^t  iQ    \  Muriate  of  potash,  400  pounds, 
■fioi  ly,  j  Ground  bone,          600  pounds, 

■Pi^t  on    S  Sulphate  of  potash,  400  pounds, 
not  z\),  j  Q.jomj(i  i3ojig_           600  pounds, 

j      488.5 
I      428.5 

866 
652 

45.8 
40.1 

6,495 
4,890 

The  apparent  superiority  of  the  crop  raised  on  the  muriate 
of  potash  is  considerable.  During  the  growth  of  the  crop, 
as  the  result  of  frequent  examinations,  no  such  difference 
was  evident ;  and  it  is  regretted  that  the  moisture  test  has 
not  been  completed  in  season  for  this  report,  as  it  is  felt 
that  there  may  have  been  a  difference  in  condition  of  the  two 
crops  when  weighed,  owing  to  the  very  rainy  weather  of  the 
autumn. 

Sweet  Clover   (Melilotus  alba) . 

As  has  been  stated  under  "Muriate  v.  Sulphate  of  Potash 
for  Clovers,"  sweet  clover  occupied  two  of  the  plots  in 
Field  B.  The  present  is  the  third  successive  year  that  this 
clover  has  been  grown  upon  these  plots,  and  the  soil  appears 
now  to  have  become  thoroughly  stocked  with  the  nodular 
bacteria  peculiar  to  the  plant.  As  reported  in  1896,  but 
few  of  the   plants   on    these  plots   in  that  year  possessed 
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bacteria,  and  only  those  which  did  made  vigorous  growth. 
The  next  year,  as  already  reported,  about  one-half  of  the 
plants  apparently  possessed  nodules  and  made  vigorous 
growth  early  in  the  season.  Later  all  seemed  to  acquire 
the  ability  to  make  use  of  the  atmospheric  nitrogen  which 
these  nodular  bacteria  give.  The  crop  of  this  season  has 
been  extremely  vigorous  from  the  very  first.  The  rapid 
growth  of  this  legume  in  early  spring  seemed  to  indicate 
its  possible  value  as  a  cover  crop  for  green  manuring ;  and 
to  test  this  point  one  square  yard  (believed  to  be  average) 
was  harvested  at  each  of  three  different  dates,  and  a  deter- 
mination of  dry  matter  and  of  nitrogen  contained  therein 
was  made.     The  results  calculated  per  acre  were  :  — 


Date. 


Height 
(Feet). 


Dry  Matter 
(Pounds). 


Nitrogen 
(Pounds), 


June  6, 
June  15, 
July  10, 


3,661.6 
3,961.7 
7,573.0 


136.8 
130.2 
192.5 


The  crop  was  in  full  bloom  at  the  time  the  last  cutting 
was  made,  but  it  goes  on  blooming  freely  for  almost  the 
entire  summer. 

Corn  for  the  silo  may  here  be  planted  up  to  the  middle 
of  June,  with  a  good  prospect  of  success ;  and,  as  will  be 
seen,  previous  to  that  date  the  sweet  clover  makes  a  large 
growth  and  contains  a  heavy  amount  of  nitrogen.  The 
amount  of  this  element  at  the  date  of  the  second  cutting  is 
equivalent  to  that  contained  in  about  6  cords  of  rich  manure. 
To  what  extent,  however,  this  nitrogen  has  been  taken 
from  the  soil,  and  to  what  extent  from  the  air,  our  experi- 
ments afford  us  no  means  for  determining.  Klihn  has 
pointed  out  that  the  acquisition  of  atmospheric  nitrogen  by 
plants  of  the  clover  family  takes  place  most  abundantly  in 
the  later  stages  of  their  growth ;  and  that,  if  they  be 
ploughed  under  immature,  we  can  hope  for  but  little  gain 
in  that  element.  Our  experiment,  then,  is  not  conclusive, 
as  yet,  as  to  the  value  of  this  clover  as  a  green  manuring 
crop.     Since,  however,  being  sown  in  the  latter  part  of  July 
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or  early  in  August,  it  will  afford  winter  protection  to  the 
soil  and  furnish  a  large  growth  before  late  corn  planting 
time,  it  seems  worthy  of  further  trial. 

Value  for  Bees. 
.As  is  known  to  many,  this  clover  furnishes  an  abundant 
and  long-continued  supply  of  honey.  For  many  weeks  the 
plants  in  our  plots  were  daily  visited  by  countless  myriad 
bees,  and  the  rate  of  honey  production  of  those  kept  near 
by  was  very  rapid.     The  honey  is  of  good  quality. 

High-priced  Seed  an  Obstacle  to  the  Use  of  Sweet  Glover. 
The  high  price  at  which  the  seed  of  this  clover  is  at  pres- 
ent offered  in  our  markets  constitutes  a  great  obstacle  to  its 
use  as  a  green  manuring  crop.  Recognizing  this  fact,  and 
wishing  to  determine  whether  the  seed  might  not  be  more 
cheaply  offered,  our  crop  of  this  year  was  allowed  to  mature. 
The  sulphate  of  potash  plot  (two-fifteenths  acre)  gave  a 
product  of  43 . 5  pounds  and  the  muriate  plot  46.5  pounds 
of  rather  poorly  cleaned  seed.  It  is  true  that  the  season 
was  unfavorable  to  the  ripening  of  the  seed ;  but  the  indica- 
tion of  this  single  experiment  is  that  the  species  can  not  be 
counted  upon  for  a  liberal  seed  product,  and  that,  therefore, 
the  seed  must  remain  high  in  price. 

NiTRAGiN,  A  Germ  Fertilizer. 
In  connection  with  my  report  upon  sweet  clover,  it  has 
been  shown  that  in  the  early  attempts  to  cultivate  this  crop 
but  partial  success  was  obtained,  because  the  germs  of  the 
appropriate  nodular  bacteria  (microscopic  plants,  which, 
growing  in  nodules  upon  the  roots,  give  the  power  of  assim- 
ilating the  free  nitrogen  of  the  air)  were  not  present  in 
sufficient  numbers.  It  is  there  pointed  out  that,  after  three 
years'  culture  of  the  sweet  clover  upon  the  same  plots,  these 
bacteria  so  multiplied  in  the  soil  that  complete  success  with 
the  clover  followed.  Similar  results  in  the  first  attempts  to 
cultivate  plants  of  the  "  pod"  family  (^Leguminosoe)  in  local- 
ities where  they  had  not  been  before  grown  have  many  times 
been  observed ;  and  many  times,  also,  has  ultimate  success 
crowned  the  effort  to  produce  the  new  plant,  and  for  the 
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reason  above  alluded  to.  The  attainment  of  success  in  this 
manner,  however,  requires  some  few  years ;  and  time  is 
precious.  Recognizing  this  fact,  an  attempt  to  propagate 
the  bacteria  connected  with  nitrogen  assimilation  artificially 
and  to  put  them  upon  the  market  was  some  few  years  ago 
made  by  Professor  Nobbe  of  Tharandt,  Grermauy,  The 
effort  was  successful,  and  the  product,  under  the  name  Nitrob- 
gin,  has  been  offered  for  the  past  few  years  by  a  German 
firm  with  which  Professor  Nobbe  completed  arrangements  for 
its  production  and  sale.  Full  particulars  concerning  Nitra- 
gin,  and  directions  for  its  use,  will  be  found  in  our  eleventh 
annual  report.  The  unsuccessful  results  of  its  trial  upon 
clover  in  1897  are  published  in  our  last  annual  report. 

The  scientific  standing  of  Professor  Nobbe  is  such  and  the 
general  importance  of  the  subject  so  great  that  further  trials 
and  with  other  plants  seemed  desirable.  Accordingly,  nitra- 
gin  for  the  following  species  was  ordered  direct  from  the 
makers :  crimson  clover,  red  clover,  alfalfa,  sweet  clover, 
soy  bean,  vetch  and  pea. 

The  experiments  are  not  yet  complete,  but  are  being 
carried  out  upon  poor  plain  land  hired  for  the  purpose, 
where  most  of  these  crops  have  never  been  cultivated,  as 
well  as  upon  our  own  grounds.  The  plan  of  the  experiment 
upon  the  plain  land  is  shown  below. 

Plan  of  Nitragin  Experiments. 
The  plots  are  one-twentieth  of  an  acre  each,  duly  sepa- 
rated by  dividing  strips.     The  treatment  of  the  several  plots 
for  each  crop  will  be  clear  from  the  table  :  — 

Plot  1,  no  fertilizers.    No  nitragin. 
Plot  2,  no  fertilizers.     Nitragin. 

c  acid  phosphate,       400  pounds  per  acre,  'j 
Plot  3,  \  rauriate  of  potash,  250  pounds  per  acre.  \  No  nitragin, 

I  lime,  1,000  pounds  per  acre,  J 

Plot  4,  manurial  treatment,  like  Plot  3.     Nitragin. 
Plot  5,  same  manures  as  3,  and,  in  addition,  180  pounds  per  acre 
of  nitrate  of  soda.     No  nitragin. 

The  plan  upon  the  home  grounds  is  similar,  with  two  ex- 
ceptions :  (1)  The  plots  are  smaller,  and  (2)  there  are  no 
plots  left  unfertilized. 
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The  crops  started  in  the  spring  upon  the  ' '  plain  "  include 
field  peas,  alfalfa,  alsike  clover  and  common  red  clover. 
The  peas  were  harvested  early  in  August.  The  yields  of 
the  several  plots  were  very  small,  and  showed  no  favorable 
influence  from  the  nitragin.  Of  all  the  other  crops,  it  can 
be  reported  to-day  that  the  general  condition  is  poor  ;  that 
the  best  condition  is  to  be  found  in  every  case  upon  Plot  5 
(supplied  with  available  fertilizer  nitrogen),  and  that  the 
crop  upon  mineral  fertilizers  with  nitragin  (4)  appears 
somewhat  better  than  the  corresponding  plot  (3)  without 
nitragin.  Between  plots  1  and  2  there  appears  to  be  no 
appreciable  difference. 

Upon  our  home  grounds  the  field  pea  with  nitragin  gave 
a  slightly  better  crop  on  mineral  fertilizers  alone  than  on 
mineral  fertilizers  without  nitragin.  Alfalfa  upon  mineral 
fertilizers  and  nitragin  now  looks  better  than  on  the  same 
fertilizers  without  nitragin.  It  will  be  seen,  then,  that  thus 
far  the  experiments  of  this  season  aiford  indications  that 
some  slight  benefit  has  followed  the  use  of  this  germ  fer- 
tilizer.* Of  the  crops  sown  in  late  summer  it  is  as  yet  too 
early  to  report. 

Fertilizers  for  Garden  Crops. 
This  series  of  experiments,  begun  in  1891,  was  originally 
intended  to  test  the  value  for  the  difi'erent  garden  crops  of 
nitrate  of  soda,  sulphate  of  ammonia  and  dried  blood  as 
sources  of  nitrogen ;  but  in  the  second  year  it  was  made 
to  include  also  a  comparison  of  muriate  with  sulphate  of 
potash,  each  used  with  each  of  the  three  nitrogen  fertilizers, 
for  the  same  class  of  crops.  Dissolved  bone-black  has  been 
applied  equally  to  all  the  plots  from  the  first.  The  number 
of  plots  and  the  fertilizers  annually  aj)plied  to  each  up  to 
the  present  j^ear  are  shown  in  the  following  table  :  — 

*  It  may  be  useful,  though  this  fact  has  already  many  times  been  pointed  out,  to 
remark  here  that  a  third,  and  often  very  satisfactory,  method  of  securing  a  stock 
of  nodular  bacteria  consists  in  taking  earth  from  soil  where  the  crop  under  trial 
flourishes,  and  incorporating  a  little,  as  one  might  fertilizer,  with  the  soil  where 
the  new  crop  is  to  be  grown.  This  method  is  now  under  trial  here  with  alfalfa 
with  soil  from  Kansas . 
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Annual  Supply  of  Manurial  Substances  (Pounds). 


^  Sulphate  of  ammonia, 

.    38 

Plot  1, 

.  <  Muriate  of  potash,    . 

.     30 

C  Dissolved  bone-black, 

.     40 

/-  Nitrate  of  soda, 

.    47 

Plot  2, 

. )  Muriate  of  potash,    . 
C  Dissolved  bone-black, 
/-  Dried  blood, 

.  30 
.  40 
.    75 

Plot  3, 

.  }  Muriate  of  potash,    . 
C  Dissolved  bone-black, 
/-  Sulphate  of  ammonia, 

.     30 

.  40 
.     38 

Plot  4, 

.  <  Sulphate  of  potash,  . 
C  Dissolved  bone-black, 
/■  Nitrate  of  soda. 

.  30 
.    40 

.    47 

Plot  5, 

.  <^  Sulphate  of  potash,  . 
C Dissolved  bone-black, 
/- Dried  blood. 

.  30 
.    40 

.    75 

Plot  6, 

.  <  Sulphate  of  potash,  . 
C  Dissolved  bone-black. 

.  30 
.    40 

The  area  of  the  plots  is  about  one-eighth  of  an  acre  each. 
The  fertilizers  used  supply,  at  the  rates  per  acre  :  phos- 
phoric acid,  50.4  pounds ;  nitrogen,  60  pounds ;  potash, 
120  pounds. 

The  management  of  the  experiment  and  results  and  con- 
clusions are  presented  in  great  detail  in  our  eighth,  ninth 
and  tenth  annual  reports,  and  to  these  the  student  of  these 
experiments  is  referred.  It  suffices  for  our  present  purpose 
to  call  attention  to  the  general  results  up  to  the  end  of  the 
year  1897,  which  are  shown  below:  — 

Averages  of  Garden  Crops ^  1892  to  1897,  inclusive. 
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153 

37 

482 

43 

111 

144 

177 

255 

Plot  2,    .... 

210 

43 

707 

49 

326 

179 

203 

479 

Plots 

182 

42 

577 

50 

259 

160 

281 

372 

Plot  4 

196 

63 

717 

44 

221 

151 

348 

425 

Plots,    .       .       .       . 

232 

66 

790 

59 

298 

143 

343 

591 

Plot  6 

149 

41 

603 

51 

235 

154 

307 

483 
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It  is  important  to  point  out  that  none  of  the  crops  in- 
cluded above  has  in  any  year  occupied  the  whole  of  the  area 
under  experiment.  Each  year  we  have  had  some  four  or 
five  crops,  and  the  areas  in  each  have  varied.  The  above 
figures  are  valuable,  then,  solely  as  a  basis  of  comparison 
between  the  several  plots. 

Conclusions  based  on  Results  up  to  1897. 
The  chief  conclusions  which  seemed  justified  by  the  results 
above  given  are  the  following  :  — 

1.  Sulphate  of  potash  in  connection  with  nitrate  of  soda 
(Plot  5)  has  generally  given  the  best  crop.  In  those  cases 
where  this  has  not  been  true,  the  inferiority  of  this  com- 
bination has  usually  been  small.  In  one  case  only  has  it 
fallen  much  behind,  viz.,  with  sweet  corn,  a  crop  which 
makes  much  of  its  growth  in  the  latter  part  of  the  season. 

2.  Nitrate  of  soda  (plots  2  and  5)  has  in  almost  every 
instance  proved  the  most  valuable  source  of  nitrogen, 
whether  used  with  muriate  or  the  sulphate  of  potash. 

3.  The  combination  of  sulphate  of  ammonia  and  muriate 
of  potash  (Plot  1)  has  in  every  instance  given  the  poorest 
crop.  This  fact  is  apparently  due,  as  Dr.  Goessmann  has 
pointed  out,  to  an  interchange  of  acids  and  bases  leading  to 
the  formation  of  chloride  of  ammonia,  which  injuriously 
afiects  growth. 

The  Experiment  in  1898. 

In  the  fall  of  1897  the  plots  were  ploughed,  and  rye  sown 
on  all  (without  further  manuring)  as  a  cover  crop,  chiefly  to 
prevent  soil  washing.  The  growth  on  Plot  1  (sulphate  of 
ammonia  and  muriate  of  potash)  was  sickly  and  feeble,  but 
no  particular  diflierence  was  noticed  between  the  other  plots. 

Change  in  Plan. 
In  view  of  the  fact  that  market  gardeners,  in  whose  inter- 
ests chiefly  these  experiments  are  being  carried  out,  almost 
invariably  use  large  quantities  of  stable  manure,  and  employ 
fertilizers,  if  at  all,  simply  to  supplement  the  manure,  it  was 
decided  to  make  a  change  in  the  plan  of  the  experiment,  in 
order  that  the  conditions  under  which  we  are  working  may 
more  nearly  conform  to  those  of  the  average  market  gardener. 
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Accordingly,  it  was  decided  to  apply  equal  amounts  of 
thoroughly  mixed  stable  manure  to  each  plot,  and  to  use  on 
each,  in  addition,  the  same  fertilizers  as  heretofore.  Further, 
in  order  to  have  a  basis  for  determining  whether  the  fertil- 
izers should  prove  in  any  degree  useful,  another  plot  was 
added,  to  which  manure  alone  is  applied.  It  was  impossible 
to  secure  for  this  purpose  a  plot  of  exactly  the  same  shape 
as  the  others,  and  of  course  it  has  not  had  the  same  history. 
It  is,  however,  contiguous,  and  it  has  the  same  elevation 
and  similar  soil.  This  plot,  whicTi  will  be  called  plot  0, 
has  for  the  past  fifteen  years  received  an  annual  application 
at  the  rate  of  ground  bone  400  pounds  and  muriate  of  potash 
200  pounds  per  acre.  It  has  been  planted  yearly  with  a 
variety  of  the  newer  forage  crops.  Manure  was  applied  at 
the  rate  per  acre  of  twelve  cords  to  all  of  the  seven  plots. 
The  manure  was  applied  by  measure,  but  it  was  also  weighed. 
The  table  shows  the  weight  applied  to  each  plot  and  the 
quantities  of  plant  food  which  it  carried  :  — 


Plots. 

Manure 
(Pounds). 

Nitrogen 
(per  Cent.). 

Potassium 

Oxide 
(per  Cent.) . 

Phosphoric 

Acid 
(per  Cent.). 

PlotO 

6,720 

28.8960 

10.7520 

17.4720 

Plotl, 

6,977 

30.0011 

11.1632 

18.1402 

Plot  2 

6,775 

29.1325 

10.8400 

17.6150 

Plots, 

7,065 

30.3795 

11.3040 

18,3690 

Plot  4 

6,617 

28.4531 

10.5872 

17.2042 

Plots 

7,210 

31.0030 

11.5360 

18.7460 

Plot  6 

6,945 

29.8635 

11.1120 

18.0570 

Manure  contained,    .... 

- 

.0043 

.0016 

.0026 

Details. 
The  manure  was  evenly  spread  upon  the  surface  April 
18-23.  The  land  was  ploughed  April  27,  a  thin  crop  of 
rye,  previously  alluded  to,  being  turned  under.  The  fer- 
tilizers were  applied  evenly,  broadcast  as  in  previous  years, 
on  May  2,  and  harrowed  in.  The  land  was  once  more  har- 
rowed on  May  .5.  Throughout  the  season  all  plots  received 
clean  culture. 
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The  crops  the  past  season  have  been  :  strawberries  (Clyde) , 
spinach,  lettuce,  table  beets,  tomatoes,  cabbage,  celery  and 
potatoes  ;  and,  as  a  second  crop,  turnips. 

Clyde  Strawberries.  — Three  rows  were  set  in  each  plot. 
The  growth  was  vigorous  and  healthy  on  all  plots.  Plots  4, 
5  and  2  now  show  a  slight  superiority  over  the  others,  while 
Plot  0  is  the  poorest.  All  are  well  stocked,  in  matted 
rows. 

Long  Standing  Spinach. — Three  rows  of  this  crop  were 
planted  in  each  plot  May  7.  All  germinated  well,  but  by 
June  9  many  plants  were  dying  on  plots  1  and  4  (sulphate 
of  ammonia  and  muriate  of  potash,  and  sulphate  of  ammonia 
and  sulphate  of  potash) ,  while  nearly  all  the  plants  in  these 
plots  appeared  yellow  and  sickly.  All  the  spinach  was  har- 
vested in  two  cuttings.  The  yields  in  pounds  were  as 
follows:  Plot  0,  69;  Plot  1,  11;  Plot  2,  156^;  Plot  3, 
77f ;  Plot  4,  13^;  Plot  5,  159^;  Plot  6,  73|. 

The  average  yields  in  pounds  produced  by  the  different 
fertilizers*  were :  — 


Manure  alone  (Plot  0) , 

Average  of  manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Average  of  manure  and  sulphate  of  potash  (plots  4,  5  and  6), 
Average  of  manure  and  sulphate  of  ammonia  (plots  1  and  4), 
Average  of  manure  and  nitrate  of  soda  (plots  2  and  5), 
Average  of  manure  and  dried  blood  (plots  3  and  6),  . 


88.7 

78.5 

82.3 

7.4 

158.0 
75.8 


It  will  be  noticed  that  the  muriate  of  potash  plots  are 
inferior  to  those  receiving  sulphate  of  potash,  though  the 
difference  is  small.  The  sulphate  of  ammonia  plots  proved 
almost  an  absolute  failure,  while  the  dried  blood  gave  a 
much  smaller  crop  than  the  nitrate  of  soda.  The  most  im- 
portant fact  brought  out  is  the  marked  superiority  of  the 
latter  as  a  source  of  nitrogen  for  spinach. 

Hanson  Lettuce.  —  Two  rows  of  this  crop,  planted  May 
7,  were  grown  in  each  plot,  the  plants  being  brought  by 

*  To  enable  the  reader  the  better  to  make  comparisons,  the  plots  are  characterized 
as  "manure  and  muriate  of  potash,"  "manure  and  sulphate  of  potash,"  etc.  It 
should  be  remembered  that  dissolved  bone-black  was  applied  to  all  except  Plot  0, 
and  that  every  plot  received  material  supplying  both  nitrogen  and  potash  as  well  as 
phosphoric  acid  in  addition  to  the  manure.  For  the  full  list  of  fertilizers  applied  to 
each  plot,  see  page  146. 
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thinning  and  resetting  to  a  uniform  distance  of  1  foot  in  the 
rows,  except  on  plots  1  and  4,  where  a  large  number  of  the 
plants  died  soon  after  coming  up.  In  harvesting,  the  heads 
of  market  size  were  cut  from  day  to  day.  The  total  crop  in 
pounds  on  the  several  plots  was  :  Plot  0,  179^ ;  Plot  1,  40  ; 
Plot  2,  194|;  Plot  3,  220|;  Plot  4,  135  ;  Plot  5,  219  ;  and 
Plot  6,  231^. 

The  average  yields,  in  pounds,  produced  by  the  different 
fertilizers  were :  — 


Manure  alone  (Plot  0,  corrected  for  area) , 
Manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Manure  and  sulphate  of  potash  (plots  4,  5  and  6), 
Manure  and  sulphate  of  ammonia  (plots  1  and  4), 
Manure  and  nitrate  of  soda  (plots  2  and  5) ,    . 
Manure  and  dried  blood  (plots  3  and  6), 


230.5 
151.7 
195.1 
87.6 
206.6 
226.0 


The  manure  alone  gave,  as  will  be  seen,  a  larger  yield 
than  any  of  the  plots  to  which  fertilizers  as  well  as  manure 
were  applied.  The  only  point  clearly  indicated  is  the  ap- 
parent highly  injurious  effect  of  the  sulphate  of  ammonia, 
particularly  where  used  with  the  muriate  of  potash. 

Dewing's  Blood  Turnip  Beet.  —  Six  rows  of  this  crop, 
planted  May  7,  were  grown  in  each  plot.  In  plots  1  and 
4  most  of  the  plants  soon  became  weak  and  sickly  and 
many  died,  and  there  were  not  enough  to  restock  to  the 
uniform  distance  of  4  inches  in  the  row,  to  which  all  the 
other  plots  were  brought  by  thinning  and  resetting  where 
needed.  The  few  plants  in  plots  1  and  4  which  survived 
until  about  July  1  then  appeared  to  recover  their  vigor,  and 
grew  very  rapidly.  The  yields  of  roots  and  tops  were  as 
shown  below :  — 


Plots. 

Beets 
(Pounds). 

Tops 
(Pounds). 

Plot  0,       . 

340 

440 

Plot  1,       . 

80 

160 

Plot  2, 

440 
365 
260 

570 

Plots, 

515 

Plot  4,       . 

470 

Plot  5,       . 

460 

490 

Plot  6,       . 

325 

335 
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The  average  yields  in  pounds  per  plot  were  as  follows  :  — 


Roots. 

Tops. 

Manure  alone  (Plot  0,  corrected), 

374.7 

484.9 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 

295.0 

415.0 

Manure  and  sulphate  of  potash  (plots  4,  5  and  6) ,      . 

348.3 

431.7 

Manure  and  sulphate  of  anamonia  (plots  1  and  4) ,     , 

170.0 

315.0 

Manure  and  nitrate  of  soda  (plots  2  and  5) 

450.0 

530.0 

Manure  and  dried  blood  (plots  3  and  6), 

345.0 

425.0 

The  general  result  here  is  similar  to  that  with  spinach ; 
i.e.,  muriate  is  inferior  to  the  sulphate  of  potash  ;  nitrate  of 
soda  is  the  best  source  of  nitrogen  ;  and  sulphate  of  ammonia 
shows  itself  to  have  been  actually  injurious,  particularly  so 
with  muriate  of  potash. 

Dwarf  Champion  Tomato. — Two  rows  were  set  in  each 
of  the  original  six  plots  and  three  in  Plot  0,  the  plants, 
purchased  of  the  Horticultural  Department,  being  rather 
small  and  uneven.  The  crop  was  picked  as  it  ripened  until 
September  23,  when  the  balance  of  the  fruit  was  picked 
green.  The  weights  of  ripe  and  of  green  fruit  in  pounds 
per  plot  are  shown  below  :  *  — 


Plots. 


Ripe  Fruit. 


Green  Fruit. 


Plot  0, 
Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 


Lbs.  oz. 

422  3 

387  7 

501  4 

328  2 

430  6 

413  1 

405  4 


Lbs.  oz. 

179  8 

223  0 

160  0 

178  0 

181  0 

84  8 

181  8 


The  averages  of  ripe  fruit  and  total  yield  in  pounds  per 
plot  were  as  shown  in  the  table  :  — 

*  The  record  of  one  day's  picking  of  ripe  fruit  was  lost,  but  this  does  not  change 
the  relative  standing  of  the  plots. 
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Ripe  Fruit. 

Total. 

Manure  alone  (Plot  0,<gprrected  for  area), 

361.9 

515.7 

Manure  and  muriate  of  potash  (plots  1,  2  and  3),       , 

405.6 

592.6 

Manure  and  sulphate  of  potash  (plots  4,  5  and  6),      . 

416.2 

565.2 

Manure  and  sulphate  of  ammonia  (plots  1  and  4),      . 

408.9 

610.9 

Manure  and  nitrate  of  soda  (plots  2  and  5) 

457.2 

579.4 

Manure  and  dried  blood  (plots  3  and  6), 

366.7 

546.4 

The  differences  brought  out  by  these  averages  are  much 
smaller  than  in  the  case  of  the  spinach  and  beets,  but  are  in 
the  same  direction  for  ripe  fruit;  i.e.,  sulphate  of  potash 
gives  somewhat  better  returns  than  muriate,  and  nitrate  of 
soda  gives  the  largest  yield  of  any  of  the  sources  of  nitrogen. 
It  is  noteworthy  that  the  sulphate  of  ammonia  does  not  ap- 
pear to  have  injuriously  affected  this  crop.  This  is  perhaps 
due  to  the  fact  that  the  tomato  is  not  set  until  about  the  first 
of  June,  and  makes  most  of  its  growth  when  the  season  is 
well  advanced.  The  crops  shown  to  have  been  injured  by 
the  sulphate  of  ammonia,  spinach  and  beets,  are  sown  early, 
and  make  most  of  their  growth  before  the  season  is  far 
advanced. 

Fotler's  Drumhead  Cabbage. — Two  rows  in  each  of  the 
original  six  plots  and  three  in  Plot  0  were  grown.  The 
seed  was  planted  May  23,  in  hills,  and  later  thinned  to  one 
in  each  hill,  those  destroyed  by  maggots  being  replaced. 
Owing  to  the  unusually  hot  season,  the  crop  was  well  grown 
by  September  1 ,  and  numerous  heads  were  ■  beginning  to 
crack.  They  were  harvested  as  they  matured,  September  8 
to  November  5.  The  yield  in  pounds  of  heads,  practically 
all  well  filled  and  hard,  was  as  follows  :  Plot  0,  729  ;  Plot 
1,  720;  Plot  2,  780;  Plot  3,  710;  Plot  4,  755;  Plot  5, 
744;  and  Plot  6,  651. 

The  average  yields  in  pounds  per  plot  were  as  follows  :  — 

Manure  alone  (Plot  0,  corrected) , 624.9 

Manure  and  muriate  of  potash  (plots  1,  2  and  3),  .        .  736,7 

Manure  and  sulphate  of  potash  (plots  4,  5  and  6), .         .  716.7 

Manure  and  sulphate  of  ammonia  (plots  1  and  4), .         .  737.5 

Manure  and  nitrate  of  soda  (plots  2  and  5),    .        .        .  762.0 

Manure  and  dried  blood  (plots  3  and  6),         .        .        .  680.5 
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Here  we  find  the  fertilizers  have  apparently  produced  a 
moderate  increase  in  crop.  The  differences  between  them 
are  far  less  marked  than  in  the  case  of  most  of  the  other 
crops  grown  this  year.  The  nitrate  of  soda  appears  to  have 
been  the  best  source  of  nitrogen  for  the  cabbage. 

Early  Maine  Potatoes.  —  The  seed  planted  was  grown  in 
the  State  of  Maine.  It  was  treated  with  corrosive  sublimate 
solution,  for  prevention  of  scab,  and  sun-sprouted.  Before 
planting,  the  tubers  were  cut  to  pieces  with  two  eyes  each. 
Three  rows  per  plot  (4  on  Plot  0)  were  grown.  The  seed 
was  planted  on  May  9  in  rows  3  feet  apart,  the  pieces  being 
dropped  1  foot  apart  in  the  rows.  Ordinary  thorough  cult- 
ure was  given  until  the  vines  covered  the  ground.  The 
vines  were  sprayed  with  Bordeaux  mixture  (first  on  June  7) 
to  repel  the  flea  beetle.  They  were  sprayed  with  sufficient 
frequency  to  keep  the  vines  well  covered  with  the  mixture 
until  the  middle  of  August,  the  last  application  being  made 
August  8 .  The  Bordeaux  mixture  was  applied  nine  times  in 
all,  frequent  re-application  being  necessary,  on  account  of 
the  numerous  heavj^  rains.  The  vines  were  slightly  attacked 
by  blight  about  the  middle  of  July ;  but  later  in  August  new 
shoots  were  thrown  out  from  the  axils  of  the  lower  leaves, 
making  a  healthy  growth,  which  remained  green  until  very 
late  in  September.  The  tubers  averaged  large  and  smooth, 
and  showed  very  little  rot  when  dug.  A  few  weeks  after 
storing  there  were  a  few  more  decayed  tubers.  The  yield 
in  pounds  was  as  follows  :  — 


Merchantable 
Tubers. 

Small 
Tubers 

441.5 

41.0 

449.0 

40.0 

426.0 

40.0 

409.0 

62.5 

550.0 

35.0 

482.0 

31.5 

482.0 

51.5 

Plot  0, 
Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 
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Yield  per  Acre  (Bushels) . 


Plots. 


Merchantable 
Tubers. 

Small 
Tubers 

381.5 

35.4 

447.2 

35.8 

381.7 

35.8 

366.5 

56.0 

492.8 

31.4 

431.9 

28.3 

431.9 

46.1 

Plot  0, 
Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 


The  averages  calculated  to  show  the  relative  effect  of  the 
different  fertilizers  are  given  below  in  pounds  per  plot :  — 


Plots. 

Merchantable 
Tubers. 

Small 
Tubers. 

Manure  alone  (Plot  0,  corrected) 

Manure  and  muriate  of  potash  (plots  1,  2  and  3) ,       . 
Manure  and  sulphate  of  potash  (plots  4,  5  and  6),      ,        . 
Manure  and  sulphate  of  ammonia  (plots  1  and  4),     . 

Manure  and  nitrate  of  soda  (plots  2  and  5) 

Manure  and  dried  blood  (plotB  3  and  6) ,      . 

425.7 
444.7 
504.7 
524.5 
454.0 
445.5 

39.5 
47.5 
39.3 
37.5 
35.8 
57.0 

It  becomes  evident  from  a  study  of  these  figures  that  the 
fertilizers  proved  moderately  beneficial  to  this  crop,  and  that 
the  sulphate  of  potash  is  superior  to  the  muriate.  The 
various  sources  of  nitrogen  rank  in  the  order,  sulphate  of 
ammonia,  nitrate  of  soda  and  dried  blood,  the  first  giving  a 
much  larger  average  crop  than  either  of  the  others.  It 
seems  further  important  to  point  out  that  the  combination 
sulphate  of  ammonia  with  muriate  of  potash,  which  has 
proved  both  in  previous  years  and  in  this  year  so  fatal 
to  most  crops,  has  given  a  fine  crop  of  potatoes,  at  the 
rate  of  447  bushels  to  the  acre,  the  second  in  rank  among 
the  seven  plots.  No  explanation  can  be  offered,  beyond 
that  already  suggested  in  the  case  of  tomatoes,  viz.,  that  the 
potato  has  a  much  longer  growing  season  than  the  crops 
doing  so  very  poorly  on  this  combination  of  fertilizers.     It 
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seems  reasonable  to  suppose  that,  as  the  season  advances, 
the  injurious  ammonium  chloride  formed  at  first  is  either 
washed  out  of  the  soil  or  destroyed  by  further  chemical 
changes.  This  question  will  be  made  a  matter  of  further 
study. 

The  spraying  with  Bordeaux  mixture,  although  necessarily 
nine  times  repeated  on  account  of  the  unusual  number  of 
heavy  rains,  must  be  considered  to  have  been  profitable,  as 
the  yield  was  very  heavy,  while  in  general  the  crop  this  year 
was  light  where  spraying  was  not  practised. 

Giant  Pascal  Oelery.  —  Two  rows  were  grown  in  each 
plot ;  the  plants,  large  and  well  grown,  were  set  1  foot 
apart  in  rows  5  feet  apart  on  July  19.  Banking  began 
September  29,  and  the  crop  was  put  into  the  cellar  in  good 
condition  on  November  4.  The  growth  on  plots  0,  1  and 
4  was  fair ;  on  the  other  plots,  excellent.  There  was  con- 
siderable rust  on  Plot  0,  while  there  was  little  or  none  on 
the  other  plots.  The  weights  in  pounds  of  the  plants  (in- 
cluding roots  and  a  little  earth)  were  as  follows  :  Plot  0, 
443  ;  Plot  1,  328  ;  Plot  2,  478  ;  Plot  3,  478  ;  Plot  4,  348  ; 
Plot  5,  568  ;  Plot  6,  488. 

The  calculated  averages  will  not  be  given  until  the  crop  is 
blanched,  since  the  earth,  of  necessity  left  adhering  to  the 
roots  of  the  plants  as  put  into  the  cellar,  is  an  element  of 
uncertainty.  It  may  be  of  interest  to  state  that  these  aver- 
ages indicate  littlei  if  any  increase  which  can  be  attributed 
to  the  fertilizers. 

White  Egg  Turnips.  —  This  crop  followed  spinach,  let- 
tuce and  table  beets,  without  further  manuring.  The  land 
was  reploughed  and  fitted  and  the  seed  sown  on  July  28,  in 
rows  14  inches  apart.  Soon  after  sowing  a  heavy  shower 
caused  some  washing  across  the  plots,  which  was  particu- 
larly injurious  on  Plot  0.  The  crop  was  harvested  Novem- 
ber 8  and  9,  and  was  of  excellent  quality.  The  yields  in 
pounds  are  shown  in  the  following  table :  — 
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Plots. 

Roots. 

Tops. 

Plot  0,       . 

580.0 

185 

Plot  1, 

702.0 

348 

Plot  2,       . 

753.5 

315 

Plot  3, 

735.0 

315 

Plot  4,       . 

938.0 

335 

Plot  5, 

655.0 

260 

Plot  6,       . 

690.0 

215 

The  calculated  averages  in  pounds  are  given  in  the  follow- 


ing table :  — 


Roots. 

Tops. 

Manure  alone  (Plot  0,  corrected) 

688.3 

219.7 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 

730.3 

326.0 

Manure  and  sulphate  of  potash  (plots  4,  5  and  6),     . 

761.0 

270.0 

Manure  and  sulphate  of  ammonia  (plots  1  and  4),     . 

820.0 

341.5 

Manure  and  nitrate  of  soda  (plots  2  and  5),        .... 

704.3 

287.5 

Manure  and  dried  blood  (plots  3  and  6) , 

712.5 

265.0 

The  fertilizers  are  shown  to  have  been  moderately  bene- 
ficial, there  is  not  much  difference  between  the  two  potash 
salts,  and  the  sulphate  of  ammonia  gives  a  much  better 
crop  than  either  of  the  nitrogen  fertilizers.  This  is  not 
strange,  in  view  of  these  facts  :  (1)  the  plots  to  which  this 
had  been  applied  had  produced  but  very  small  first  crops, 
while  the  others  had  yielded  heavily;  and  (2)  that  the  tur- 
nips made  their  growth  so  late  in  the  season  that  the  in- 
jurious compounds  often  formed  by  this  salt  had  become 
dissipated,  or  destroyed  by  further  chemical  changes. 


Experiments  in  Manuring  Grass  Lands, 
The  system  of  using  wood  ashes,  ground  bone  and  mu- 
riate of  potash,  and  manure  in  rotation  upon  grass  land  has 
been  continued.  We  have  three  large  plots  (between  two 
and  three  acres  each)  under  this  treatment.  Under  this 
system  each  plot  receives  wood  ashes  at  the  rate  of  1  ton 
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per  acre  one  year ;  the  next  year,  ground  bone  600  pounds 
and  muriate  of  potash  200  pounds  per  acre ;  and  the  third 
year,  manure  at  the  rate  of  8  tons.  The  system  is  so  planned 
that  each  year  we  have  one  plot  under  each  manuring.  The 
manure  is  always  applied  in  the  fall,  the  other  materials  early 
in  the  spring;  this  year  April  8  and  9. 

Plot  1 ,  which  this  year  received  bone  and  potash,  gave  a 
yield  at  the  rate  of  5,137  pounds  of  hay  and  2,370  pounds 
of  rowen  per  acre.  Plot  2,  which  received  ashes,  yielded 
4,602  pounds  of  hay  and  2,142  pounds  of  rowen.  Plot  3, 
which  was  dressed  with  manure  in  the  fall  of  1897,  yielded 
5,233  pounds  of  hay  and  2,823  pounds  of  rowen  per  acre. 
This  field  has  now  been  ten  years  in  grass,  and  during  the 
continuance  of  the  present  system  of  manuring  (since  1893) 
has  produced  an  average  product  (hay  and  rowen  both  in- 
cluded) at  the  rate  of  6,808  pounds  per  acre.  The  plots 
when  dressed  with  manure  have  averaged  7,211  pounds  per 
acre;  when  receiving  bone  and  potash,  6,671  pounds  per 
acre;  and  when  receiving  wood  ashes,  6,541  pounds  per 
acre. 

Variety  Tests. 

Our  work  in  testing  varieties  this  year  has  been  confined 
to  testing  the  potato.  With  this  it  has  been  extensive. 
The  tests  have  been  of  two  sorts;  (1)  a  preliminary  test 
with  varieties  grown  for  the  first  time;  and  (2)  a  test  of 
the  best  twenty-five  varieties,  as  indicated  by  the  trial  of 
last  year. 

1.  Preliminary  Test, — As  has  been  stated  in  my  pre- 
vious reports  upon  variety  work  with  the  potato,  I  consider 
several  years'  trial  necessary  to  the  formation  of  a  judgment. 
The  seed  of  new  varieties  as  they  are  brought  out  must  of 
necessity  come  from  many  widely  separated  localities.  Such 
seed  is  unfit  to  serve  as  a  basis  for  comparison,  with  the 
object  of  determining  the  relative  merits  of  varieties,  as  it 
is  well  known  to  many  and  quite  generally  admitted  that 
the  place  where  any  given  variety  of  seed  potatoes  is  pro- 
duced may  greatly  influence  its  product.  Newly  obtained 
varieties  must  also  of  necessity  have  been  subjected  to 
widely   variant   conditions    of   handling,    preservation   and 
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transportation,  and  all  these  factors  influence  product.  For 
all  these  reasons  our  practice  is  to  obtain  but  a  small  quan- 
tity of  seed  of  new  varieties  as  they  come  to  our  attention, 
and  to  plant  this  for  the  purpose  of  raising  seed  for  the  next 
year's  trial,  which  shall  have  been  produced  under  similar 
conditions  and  similarly  handled.  This  constitutes  our 
^'■preliminary  test.'''' 

This  test  the  past  season  included  seventy-five  varieties, 
obtained  from  almost  as  many  seedsmen,  scattered  all  over 
New  England,  the  middle  and  central  States  and  Canada. 
The  seed  of  all  was  treated  with  corrosive  sublimate  solu- 
tion and  sun-sprouted.  It  was  then  cut  to  pieces  of  two 
good  eyes  each,  and  planted  one  piece  to  a  foot,  in  rows  3 
feet  apart.  The  soil  was  a  good  medium  loam,  naturally 
well  drained.  The  fertilizers  used  in  pounds  per  acre 
were :  — 

Nitrate  of  soda, 240 

Acid  phosphate, 400 

Sulphate  of  potash  (high  grade) ,     .        .        .        .        .  250 

Tankage, 240 

Dried  blood, 100 

These  materials  were  mixed  just  before  using,  and  scat- 
tered broadly  in  the  drills  before  dropping  the  seed.  The 
planting  took  place  May  11  and  12.  All  varieties  were 
injured  by  hot,  dry  weather,  which  came  just  as  the 
tubers  were  forming,  and  by  blight,  although  sprayed 
with  JBordeaux  mixture  six  times  between  June  13  and 
August  2.  The  varieties  on  which  blight  was  first  noticed 
were  Salzer's  Earliest,  BHss  Triumph,  King  of  the  Earliest 
and  Lincoln, — July  24  and  25.  All  other  varieties  showed 
bhght  between  July  28  and  August  1,  and  to  about  an  equal 
degree.  It  is  thought  that  no  varieties  blighted  long  before 
they  were  mature ;  but,  nevertheless,  the  blight  undoubtedly 
greatly  reduced  the  yields.  Owing  to  the  blight,  the  period 
of  apparent  ripening  of  all  varieties  was  nearly  the  same, 
viz.,  August  27  to  September  8.  The  potatoes  were  dug 
late  in  September.  The  average  number  of  sets  for  each 
variety  was  about  forty,  and  to  this  number  the  yield  of 


1899.]  PUBLIC   DOCUMENT  — No.  31.  159 

all  has  been  corrected.  Such  correction,  in  our  experience, 
always  proves  unduly  favorable  to  the  varieties  of  which  we 
have  the  least  seed.  Our  effort  has  always  been  to  obtain 
just  three  pounds  of  each  variety;  but  sometimes  we  are 
unable  to  obtain  so  much,  or  it  may  be  that  some  tubers 
obtjained  prove  unfit  to  plant,  owing  to  bruising  or  decay. 

The  yield  this  year  has  varied  from  8.5  to  46.7  pounds  of 
merchantable  tubers  for  40  sets.*  Six  varieties  have  given 
a  yield  of  40  pounds  or  above  of  merchantable  tubers  from 
40  sets,  viz..  Ford's  No.  31,  46.7  ;  Early  Minnesota,  44.7  ; 
Champion  of  the  World,  41.8;  Burr's  No.  1,  40.8;  and 
American  Wonder  and  Early  Dawn,  40  each.  Eight  va- 
rieties gave  under  20  pounds  from  40  sets,  viz..  Lady 
Finger,  8.5;  Mayflower,  13.9;  Saker's  Earliest,  14.2; 
Potentate,  15.3;  Mills's  Long  Keeper,  16;  Livingston's 
Pinkeye,  16.8  ;  and  King  of  the  Earliest  and  White  Beauty, 
18.5  each. 

2.  Test  with  Twenty-five  Varieties  (the  Best  of  Last 
Season). — The  seed  of  these  varieties,  it  will  be  under- 
stood, was  all  of  our  own  growing,  and  was  of  most  excellent 
quality.  It  was  prepared  for  planting  as  above  described, 
and  was  planted  upon  similar  soil  and  similarly  manured. 
One  hundred  sets  of  each  variety  were  planted  on  May  13. 
These  varieties  were  sprayed  six  times,  as  were  those  in 
the  preliminary  test.  They,  however,  showed  considerable 
blight,  and  doubtless  gave  diminished  yields  because  of  this 
aff"ection.  The  yields  have  been  calculated  to  40  sets,  to 
make  them  comparable  with  the  varieties  in  the  other  test. 
These  are  shown  in  the  table  following :  — 

*  Forty  pounds  for  40  sets  corresponds  to  a  yield  of  242.4  bushels  per  acre. 
Thirty  pounds  for  40  sets  corresponds  to  a  yield  of  181.8  bushels  per  acre. 
Twenty  pounds  for  40  sets  corresponds  to  a  yield  of  121.2  bushels  per  acre. 
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Variety  Test  of  Potatoes.      Yield  in  Pounds  from  40  Sets. 


Vabiett. 


Merchantable 
Tubers. 


SmaU 
Tubers. 


Beauty  of  Hebron, 
Bliss's  Triumpb, , 
Carmen  No.  1, 
Dakota  Red, 
Button's  Seedling, 
Early  Maine, 
Early  Rose,  . 
Early  Sunrise, 
Empire  State, 
Enormous,  . 
Fillbasket,  . 
Late  Puritan, 
Money  Maker, 
New  Satisfaction, 
Prolific  Rose, 
Restaurant, 
RocheBter  Rose, 
Rose  No.  9,  . 
Sir  "William, 
State  of  Maine, 
Thorburn,  . 
Uncle  Sam,  . 
Vanguard,  . 
White  Elephant, 
Woodbury's  White, 


33.40 
20.40 
23.40 
19.20 
32.20 
21.20 
28.00 
26.40 
12.40 
36.80 
37.60 
26.80 
26.60 
26.60 
28.20 
34.80 
29.60 
34.00 
26.80 
34.00 
35.80 
2S.40 
31.80 
40.20 
35.90 


7.00 
9.60 
12.80 
10.80 
15.20 
2.80 
9.00 
10.80 
7.60 
4.20 
5.60 
9.60 
7.40 
6.00 
8.00 
7.60 
8.80 
5.20 
6.20 
4.80 
6.40 
3.80 
9.00 
8.00 
5.00 


Last  year  the  eleven  best  varieties  ranked  in  yield  of 
merchantable  tubers  in  the  following  order:  Rose  No.  9, 
Restaurant,  Woodbury's  White,  Bliss's  Triumph,  Prolific 
Rose,  Empire  State,  Early  Maine,  Dakota  Red,  Sir  William, 
Early  Rose  and  Beauty  of  Hebron.  All  of  these  then  gave 
a  product  at  the  rate  of  more  than  220  bushels  of  merchant- 
able tubers  per  acre. 

This  year  the  relative  rank,  as  will  be  seen,  is  quite  dif- 
ferent. The  yields  are  in  general  much  lower.  The  results 
of  this  year,  however,  owing  to  the  blight,  cannot  be  re- 
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garded  as  affording  a  reliable  index  to  the  relative  merits  of 
the  varieties.  Their  publication,  however,  serves  to  illus- 
trate how  almost  impossible  it  is,  in  the  making  of  such 
tests,  to  establish  the  relative  merits  of  varieties.  As  I  have 
remarked  in  previous  reports,  it  is  significant  that  the  old 
standard,  Beauty  of  Hebron,  is  once  more  one  of  the  first 
ten  varieties. 

Identical  Varieties  under  Different  Names. 
As  far  as  we  are  able  to  judge,  there  is  no  difference 
between  King  of  the  Earliest  and  Early  Ohio ;  Salzer's 
Earliest  and  Bliss's  Triumph ;  Mills's  Banner  and  Livingston's 
Banner ;  while  White  Beauty  and  Cambridge  Russet  differ 
but  very  slightly,  the  latter  having  a  slightly  more  russetted 
skin  than  the  former. 

Test  of  Seed  of  the  Same  Variety  from  Different  Localities. 
In  order  to  test  the  soundness  of  the  a  priori  conclusion 
that,  to  make  the  results  of  a  variety  test  comparable  for 
the  purpose  of  determining  relative  merits,  the  seed  of  all 
should  have  been  produced  in  the  same  locality  and  handled 
in  all  respects  alike,  an  experiment  was  carried  out  with  two 
of  the  old  standard  sorts, — Beauty  of  Hebron  and  Early 
Rose,  —  with  seed  of  each  from  a  considerable  number  of 
sources.  The  seed  of  the  former  came  from  eight  different 
producers ;  that  of  the  latter,  from  six.  The  methods  pur- 
sued in  seed  preparation,  soil,  manuring,  spraying,  etc., 
were  in  all  respects  as  in  the  variety  test. 


Comparison  of  Seed  Potatoes  from  Different  Localities. 
Pounds  of  40  Sets. 


Yield  in 


Vakieties. 

SotJBCE  OP  THE  Seed. 

BEAUTY  OP  HEBRON. 

EARLY   ROSE. 

Merchant- 
able. 

Small. 

Merchant- 
able. 

Small. 

Home  grown, 

Guelph,  Ontario,  D.  of  C, 
Pennsylvania  grown,  Dreer,     . 
James  J.  H.  G-regory,  Marblehead,  Mass., 
Cornell  Experiment  Station,  Ithaca,  N.Y., 
Wisconsin,  Olds  Seed  Company,     . 
Maine,  A.  H.  Weeks  Company, 
Dibble  Seed  Company,  N".  Y., .        . 
Minnesota,  Farmer  Seed  Company, 
Kansas,  F.  Barteldes  &  Co.,     . 

30.0 
32.3 
24.5 
35.5 
29.3 
26.0 
33.3 
26.5 

2.5 
1.8 
3.3 
2.5 
2.5 
4.5 
2.8 
3.8 

25.0 
27.5 
31.0 

32.5 
21.0 
20.0 

2.9 
3.5 
2.0 

2.0 
3.8 

7.8 
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The  range  of  variation  in  yield,  as  will  be  seen,  is  large, 
amounting  to  almost  50  per  cent,  in  the  yield  of  merchant- 
able tubers  for  the  Beauty  of  Hebron  and  to  rather  over  50 
per  cent,  for  the  Early  Rose.  In  view  of  this  wide  differ- 
ence in  the  yield  of  the  same  variety,  it  must  be  admitted 
that  variety  tests  in  which  the  seed  is  brought  together 
from  many  sources  can  have  but  a  doubtful  value. 

The  extent  of  the  variation  in  the  type  of  the  potatoes 
grown  in  this  test  was  considerable,  so  great,  indeed,  as  to 
make  it  doubtful  whether  in  all  cases  the  seed  was  true  to 
name,  although  obtained  from  the  most  reliable  parties  in 
every  instance.  The  extent  of  the  variation  is  in  part  shown 
in  the  table  below,  in  which  each  lot  is  compared  with  the 
crop  from  our  home-grown  seed  of  the  same  variety  :  — 

Potatoes.  —  Comparison  of  Crops ^  Seed  from  Different  Sources. 


Origin  of  the  Seed. 

Shape. 

Color. 

Size. 

Eyes. 

Beauty  of  Hebron. 

Home  grown, 

Long,      elliptical, 
slightly  flattened, 
tapering  strongly 
towards  tip. 

Light  flesh,    mot- 
tled with  darker 
shades. 

Medium, 

Medium,  rather 
deep. 

J.  J.  H.  Gregory,  . 

Same, 

Same,     . 

Same,    . 

Smaller,  less 

deep. 
Same. 

Dreer,  Pennsylvania,    . 

Shorter, . 

Same, 

Larger, . 

OldB    Company,    Wis- 
consin, 

Oval,  slightly  flat, 
same  at  both  ends. 

Lighter, . 

Smaller, 

Small. 

Weeks      Company, 
Maine. 

Same,      .        .        . 

Same,     . 

Larger, . 

Less  deep. 

Cornell  Experiment  Sta- 
tion. 

Same, 

Light,  bright  pink. 

Larger, . 

Smaller. 

Gnelph,    Ontario,    Ex- 
periment Station. 

Same,     . 

Same, 

Same,    . 

Same. 

Dibble  Company,  N.  Y., 

Same, 

Lighter, . 

Same,    . 

Same, 

Early  Rose. 

Home  grown, 

Long,      flattened, 
tapering  towards 
seed  end,  curved. 

Light  pink,  bright 
pink  at  seed  end. 

Medium, 

Medium  large. 

Dreer,  Pennsylvania,   . 

Broader,  more  com- 
pact. 

Lighter, , 

Same,    . 

Same, 

Farmer  Company,  Min- 
nesota. 

Much  broader,  less 
curved. 

Same,     . 

Smaller, 

Same, 

Cornell  Experiment  Sta- 
tion. 

Longer,    more 
curved. 

Same, 

Larger, . 

Same, 

Kansas, Barteldes  &  Co., 

Broader,  more  like 
Hebron. 

Same,      ... 

Same,    . 

Smaller,  more 
shallow. 

Dibble  Company,  N.  Y., 

Same, 

Same, 

Larger, . 

Large,  shallow. 
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Individual  Variation,  Tubers  of  the  SameVariety . 

In  view  of  the  frequently  reported  tests  of  varieties  in 
which  some  two  or  three  tubers  only  of  each  are  used,  it  was 
thought  best  to  carry  out  an  experiment  to  determine  if 
possible  the  extent  to  which  the  product  of  single  tubers 
will  vary  when  grown  under  conditions  as  favorable  as  pos- 
sible to  uniformity  of  yield.  As  a  preparation  for  this  test, 
tiles  two  feet  in  diameter  and  four  feet  long  were  set  into 
the  ground  in  a  single  row,  the  distance  between  them  being 
about  two  and  one-half  feet.  To  insure  equal  drainage  con- 
ditions, a  drain  tile  was  laid  at  about  the  level  of  the  lower 
edge  of  the  tile,  being  given  just  enough  pitch  to  carry  off 
water.  The  plot  of  land  in  which  the  tiles  were  set  was  sur- 
rounded with  drain  tile,  to  prevent  the  ingress  of  soil  water 
from  outside.  This  plot  had  been  uniformly  manured  for 
many  years,  so  that  the  subsoil  conditions  below  the  tiles 
must  have  been  practically  uniform.  The  plots  were  set  so 
that  the  surface  water  from  outside  was  excluded,  but  the 
earth  outside  was  brought  to  within  about  one  inch  of  the 
upper  edge. 

These  tiles  so  set  were  filled  to  v/ithin  one  foot  of  the 
top  with  carefully  mixed  subsoil,  consisting  of  a  very  fine 
sand,  this  subsoil  being  settled  by  the  liberal  use  of  water. 
After  this  subsoil  had  thoroughly  settled  and  somewhat 
dried,  equal  weights  of  carefully  mixed  medium  loam  were 
put  into  each  tile,  the  quantities  being  sufficient  to  fill  them. 
The  amount  used  was  two  hundred  and  twenty-five  pounds 
for  each  tile.  Conclusive  evidence  that  the  work  was  well 
and  uniformly  done  is  afforded  by  the  fact  that  the  earth 
in  the  several  tiles  remained  at  practically  uniform  height 
throughout  the  season. 

With  the  upper  four  inches  in  depth  of  soil  in  these  tiles 
were  most  carefully  mixed  the  fertilizers  applied,  precisely 
the  same  weights  as  determined  by  chemical  balances  to  each 
tile.  The  materials  used  supplied  per  tile  and  at  the  rate 
per  acre  as  follows  :  — 
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Matebials  Used, 


Rate  per 

Acre 
(Pounds), 


Nitrate  of  eoda, 

Dried  blood,    .... 

Tankage, 

Acid  phoBphate, 

Sulphate  of  potash  (high  grade), 


250 
100 
250 
400 
300 


This  fertilizer  was  applied  May  9 ,  and  tlie  seed  was  planted 
the  same  day.  The  variety  was  Carmen  No.  1.  The  tubers 
selected  were  uniform  in  form,  weight  and  all  external  char- 
acteristics, as  far  as  it  was  possible  to  obtain  such.  The 
weights  of  the  tubers  were  as  follows:  No.  1,  160  grams; 
No.  2,  135  grams;  No.  3,  160  grams;  No.  4,  140  grams ; 
No.  5,  135  grams;  No.  6,  140  grams;  No.  7,  140  grams; 
No.  8,  140  grams.  The  first  seven  tubers  were  treated 
with  corrosive  sublimate  solution,  and  sun-sprouted ;  No. 
8  was  not  treated.  Each  tuber  was  cut  to  exact  halves  by 
weight,  and  the  number  of  eyes  on  each  half  reduced  to  five 
in  the  same  part  of  the  tuber.  The  tubers  were  all  typical 
of  the  variety,  and  all  were  entirely  free  from  scab,  but  there 
had  been  a  few  scabbed  potatoes  in  the  crop  from  which  they 
came.  They  were  all  planted  face  downward  at  the  same 
depth,  the  halves  of  tuber  No.  1  in  tiles  1  and  2,  the  halves 
of  tuber  No.  2  in  tiles  3  and  4,  and  so  on,  —  and  finally 
one-half  of  tuber  No.  8  in  tile  15.  They  all  came  up  in 
good  season,  but  somewhat  irregularly.  May  26  to  May  28. 
They  were  most  carefully  cultivated  by  hand,  kept  entirely 
free  from  weeds  and  from  bugs  by  hand  pulling  and  picking. 
Bordeaux  mixture  was  applied  six  times,  June  6  to  July  25. 
There  was  practically  no  injury  from  either  flea  beetle  or 
blight.  The  vines  in  different  tiles  showed  quite  diff'erent 
minor  characteristics,  and  ripened  unevenly,  September  20 
to  October  1,  when  the  crop  was  harvested.  At  that  time 
there  was  a  very  little  yellowish-green  color  on  part  of  one 
stalk  in  tile  9  and  on  one  entire  stalk  in  tile  8.  All  leaves 
had  for  some  time  been  dead.  The  yields  and  remarks  are 
given  in  the  table  :  — 


1899.] 


PUBLIC  DOCUMENT  — No.  31. 


165 


Yield  of  Different  Tubers,  Carmen  Potato. 


No.  OP  Tttbbe 


Tile. 


Number 

of 
Tubers. 


Weight 
(Kilograms).* 


Tuber  No.  1, 

Tuber  No.  2, 

Tuber  No.  3, 

Tufcer  No.  4, 

Tuber  No.  5, 

Tuber  No.  6, 

Tuber  No.  7, 
One-half  of  Tuber  No 


12 


1.470 
1.520 


1.300  , 
1.340' 


1.440, 
1.440  1 


1.180, 
1.330  I 


1.440, 
1.620  ' 


1.460  , 
1.340' 


1.240 
1.450 


One  scabby. 

Several  slightly  scabby. 

Small  amount  of  scab. 

A  very  little  scab. 

A  little  scab. 

A  little  scab. 
Considerable  scab. 


*  The  kilogram  equals  almost  exactly  2.2  English  pounds. 

The  above  weights  were  taken  after  the  tubers  had  been 
carefully  washed  and  dried.  They  showed  a  range  of  varia- 
tion amounting  between  halves  to  a  little  over  37  per  cent., 
and  between  tubers  of  about  22  per  cent.  The  differences 
in  number  and  size  of  tubers  are  equally  striking.  In  view 
of  these  facts,  I  submit  that  variety  tests  of  potatoes  upon  a 
small  scale  can  have  but  a  small  value  for  determining  the 
probable  relative  yield  of  varieties. 

Poultry  Experiments. 
The  experiments  with  poultry  completed  since  our  last 
annual  report  were  begun  in  the  late  fall  of  1897,  and  ex- 
tended through  the  winter  of  1897  and  1898,  and  a  part  of 
them  through  the  past  summer  and  into  the  fall.  The  points 
upon  which  these  experiments  were  designed  to  afford  in- 
formation are  the  following  :  — 

1.  Effect  upon  egg-production  of  the  use  of  condition 
powders. 

2.  Comparative  value  for  egg-production  of  flesh  or 
animal  meal  and  cut  fresh  bone. 

3.  Comparison  for  egg-production  of  a  wide  nutritive 
ration  with  a  narrow ;  or,  in    other  words,   of  a  ration  in 
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which  corn  meal  and  corn  were  prominent  with  one  in  which 
these  feeds  were  replaced  wholly  or  in  large  part  with  more 
nitrogenous  foods,  such  as  wheat  middlings,  gluten  feed, 
wheat  and  oats. 

4.  The  influence  of  the  presence  of  a  cock  with  the  hens 
upon  egg-production. 

General  Conditions . 

In  all  these  experiments  pullets  purchased  in  Plymouth 
County  and  reaching  us  about  the  middle  of  October  were 
used.  These  pullets  were  well-bred  Barred  Plymouth  Rocks, 
not  fancy  stock  (i.  e.,  as  to  feather),  but  bright,  healthy 
stock,  hatched  in  April.  These  pullets  were  evenly  divided 
into  lots  of  twenty  each,  being  matched  in  sets  of  two  lots 
as  closely  as  possible.  Each  lot  occupied  a  detached  house, 
including  laying  and  roosting  room  ten  by  twelve  feet  and 
scratching  shed  eight  by  twelve  feet,  with  the  run  of  large 
yards  of  equal  size  whenever  weather  permitted.  The  win- 
ter tests  began  December  12  and  ended  April  30.  The  latter 
part  of  March  a  few  hens  were  removed  from  each  house  for 
sitters,  the  same  number  from  each.  Egg  records  of  the 
separate  lots  were  kept  from  the  time  laying  began  to  the 
time  of  beginning  experiments,  for  the  purpose  of  affording 
an  index  as  to  the  equality  or  otherwise  of  the  matched  pairs 
of  lots.  The  hens  were  all  marked  with  leg  bands,  as  a  pre- 
cautionary measure  for  the  purpose  of  identification  in  the 
case  of  accidental  mixture  of  fowls. 

All  the  meals  and  the  cut  clover  were  given  in  the  form  of 
a  mash,  fed  early  in  the  morning.  This  was  mixed  the  night 
before  with  boiling  water  until  January  8,  and  fed  at  the 
temperature  of  about  70°  F.  After  January  8,  the  mashes 
were  mixed  with  boiling  water  in  the  morning,  and  fed  hot. 
At  noon  a  few  oats  were  scattered  in  the  straw  with  which  the 
scratching  sheds  were  littered.  At  night  the  balance  of  the 
whole  grain  was  fed  (also  by  scattering  in  the  straw)  one 
hour  before  dark.  The  fowls  were  given  what  whole  grain 
they  would  eat  up  clean.  Water,  shells  and  artificial  grit 
were  kej)t  l^efore  the  fowls  at  all  times.  About  twice  a 
week  a  small  cabbage  was  given  to  each  lot  of  fowls,  this, 
like  all  other  food,  being  weighed.     The  eggs    from    each 
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lot  were  weighed  weekly.  The  fowls  were  all  weighed  once 
each  month. 

No  male  birds  were  kept  in  any  of  the  pens  in  the  winter 
experiments,  nor,  indeed,  in  any  except  where  the  influence 
of  the  cock  was  the  subject  of  experiment.  Sitters,  except 
those  taken  out,  above  alluded  to,  were  confined  in  a  coop 
until  broken  up,  being  meanwhile  fed  like  their  mates. 

The  prices  per  hundred  weight  for  foods,  upon  which 
financial  calculations  are  based,  are  shown  below :  — 

Wheat, $1  75 

Oats, 1  00 

Wheat  bran, ,     .        .        .  60 

Wheat  middlings, 75 

Gluten  feed, 2  00 

Animal  meal, .  2  00 

Cut  clover  rowen, 1  50 

Cabbage, 25 

Cut  bone, 2  00 

Gluten  meal, 80 

Corn  meal, 85 

Corn, 85 

Composition  of  Foods  (Per  Cent. ) . 


Kind. 

Moisture. 

AiB  Dbt  Food  contains  — 

Ash. 

Protein. 

Fibre. 

Extract. 

Fat. 

Whole  wheat, 

10.51 

1.85 

12.64 

2.55 

71.01 

1.44 

Whole  oats, 

8.06 

3.21 

11.96 

11.64 

61.48 

3.65 

Cut  clover  rowen, 

9.80 

7.36 

17.88 

22.18 

39.70 

3.08 

Wheat  middlings, 

9.25 

4.63 

17.52 

9.91 

53.11 

5.58 

Animal  meal, 

5.06 

39.26 

37.66 

1.01 

5.56 

11.45 

Whole  corn, 

12.11 

1.31 

9.55 

1.90 

71.26 

3.87 

Kind. 

Moisture. 

Dbt  Matter  contains  — 

Ash. 

Protein. 

Fibre. 

Extract. 

Fat. 

Bran,     ..... 

12.72 

6.96 

18.01 

11.65 

57.92 

5.46 

Gluten  feed. 

9.10 

0.92 

24.59 

7.17 

63.43 

3.89 

Corn  meal 

13.43 

1.46 

11.01 

1.96 

81.44 

4.13 

Cabbage,      .... 

89.45 

7.94 

25.69 

9.31 

54.76 

2.30 

Cut  bone 

26.29 

21.50 

20.62 

- 

- 

31.38 

Gluten  meal, 

8.77 

1.50 

37.64 

3.87 

54.59 

2.40 
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1.     Effect  of  Condition  Powder  upon  Egg-production. 

Each  coop  contained  twenty  pullets  at  the  beginning  of 
the  experiment ;  the  fowls  in  the  no  condition-powder  coop 
weighing  103  pounds,  and  having  laid,  November  18  to 
December  12,  46  eggs ;  the  fowls  in  the  condition-powder 
coop  weighing  97  pounds,  and  having  laid  14  eggs.  The 
rations  of  the  two  lots  of  fowls  were  the  same,  except  to 
the  morning  mash  of  one  lot  was  added  condition  powder 
to  the  full  amount  recommended  by  makers  ;  viz.,  3  scoops 
(provided  for  measuring)  heaping  full.  This  amount  of 
condition  powder  was  enough  to  make  the  mash  several 
shades  darker  than  the  one  without  it,  and  to  impart  a 
strong  odor.  Being  mixed  sometimes  in  the  room  where 
milk  was  standing,  it  imparted  a  flavor  to  butter  made  there- 
from which  was  recognized  by  our  expert  butter  maker,  who 
knew  nothing  concerning  its  use,  and  who  worked  in  rooms 
a  quarter  of  a  mile  distant,  to  which  the  milk  was  taken. 
The  pen  receiving  the  powder  consumed  during  the  winter 
four  two-pound  cans  of  it,  costing  at  retail  $4.  * 

Both  lots  of  fowls  were  healthy  throughout  the  entire 
test.  Two  fowls  were  stolen  from  the  lot  receiving  no 
condition  powders  on  the  night  of  March  27.  One  soft- 
shelled  egg  was  laid  by  a  fowl  receiving  condition  powder. 
The  tables  give  all  details  necessary  to  a  comparison  of  the 
results :  — 


Foods  consumed,  Coyidition-powder  Experimeiit. 


Kinds  op  Food. 


Amount. 


Condition 
Powder. 


No  Condition 
Powder. 


Wheat,     . 
Oats, 
Bran, 
MiddliDga 
Gluten  feed, 
Animal  meal. 
Clover, 
Cabbage,  . 


Lbs.  oz. 

269  0 

155  0 

44  0 

44  0 

44  0 

52  0 

43  0 

15  15 


Lbs.    oz. 
250      0 


152 
44 
44 
44 
52 
44 
15 
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Average  Weights  of  the  Fowls  (Pounds). 


Dates. 


Condition 
Powder. 


No  Condition 
Powder, 


December  12, 
January  31, 
Pebruary  25, 
March  30, 
April  30, 


Eggs  per 

Month 

{Number) 

• 

Months. 

Condition 
Powder. 

No  Condition 
Powder. 

28 

90 

86 

217 

298 

59 

66 

101 

288 

April 

291 

Totals, 

719 

745 

Condition  Powder  for  Egg-production  {December  12  to  April  30). 


Condition 
Powder. 


No  Condition 
Powder. 


Hen  days, 

Gross  cost  of  food, 

Cost  per  hen  day, 

Total  number  of  eggs, 

Cost  per  egg,  not  including  powder,     . 
Cost  per  egg,  including  powder,    . 

Eggs  per  hen  day, 

Total  weight  of  eggs  (pounds) ,     .        .        . 
Average  weight  of  eggs  (ounces),        , 
Dry  matter  to  produce  1  egg  (pounds), 
Dry  matter  consumed  per  hen  day  (pounds). 

Nutritive  ratio, 

Sitters 


2,751 
$8  91 
$0  0032 
719 
$0  0124 
$0  0180 
.26+ 
88.08 
1.96 
.82 
.22  — 
1:4.6-1- 


2,656 
$8  59 
$0  0032 
745 
$0  0115 
$0  0115 
.284- 
90.80 
1.95 
.77 
.22— 
1:4.6- 
14 
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Eggs  from  both  lots  of  fowls  were  tested  under  numbers 
by  two  families.  One  family  reports  no  difference ;  the 
other  found  the  eggs  from  the  hens  not  getting  the  powder 
"much  preferable"  to  the  others. 

Oo7iclusion. 

A  study  of  the  figures  showing  results  shows  that  the 
hens  not  getting  the  condition  powder  laid  more  eggs,  of 
practically  the  same  average  weight.  The  food  required  to 
produce  a  single  Qgg  was  less,  and  the  cost  was  very  ma- 
terially less.  The  average  weight  of  the  fowls  not  getting 
the  powder  at  the  close  of  the  experiment  was  about  one- 
quarter  of  a  pound  less  than  that  of  the  other. 

We  have  now  carried  through  three  experiments  to  test 
the  value  of  condition  powder  for  egg-production.  The 
differences  have  in  every  case  been  small.  In  favor  of 
the  condition  powder  we  have  one  experiment,  against  it 
we  have  two  experiments.  It  is  not,  however,  my  disposi- 
tion to  claim  that  the  powder  is  injurious,  but  simply  that  it 
is  not  heneficidl.  This  the  four  experiments,  carried  out 
with  the  utmost  fairness  and  with  every  care,  certainly 
prove.  In  the  light  of  these  results,  it  is  believed  that 
poultry  heejpers  throw  away  money  expended  for  condition 
powder. 

2.  Animal  Meal  v.  Cut  Bone  for  Egg-production  (^Decem- 
ber 12  to  April  30). 

In  this  experiment  there  were  nineteen  pullets  in  each 
house  when  the  experiment  began.  Those  in  the  animal- 
meal  house  weighed  101.5  pounds,  and  had  laid,  November 
8  to  December  12,  82  eggs.  The  pullets  in  the  cut-bone 
coop  weighed  101.25  pounds,  and  had  laid  41  eggs. 

In  the  morning  mash  of  one  lot  one  part  animal  meal  to 
five  parts  total  dry  materials  was  used ;  in  the  mash  of  the 
other  lot,  the  same  proportion  of  fresh-cut  bone  was  mixed. 
The  large,  flat  bones,  comparatively  free  from  meat  or  fat, 
were  used. 

In  the  animal-meal  coop  the  health  of  the  birds  was  good, 
but  one  fowl  being  out  of  condition  in  any  way.     She  be- 
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came  sick  about  April  1,  and  was  killed,  as  she  seemed  to 
be  growing  gradually  worse,  on  April  10.  The  nature  of 
the  trouble  was  unknown.  Almost  from  the  first,  bowel 
troubles  were  not  uncommon  in  the  cut-bone  coop.  Two 
fowls  died  (December  23  and  January  11)  after  short  ill- 
ness. On  April  11  one  hen  was  found  with  a  disjointed 
leg,  and  she  was  killed.  The  animal-meal  coop  laid  three 
soft-shelled  eggs  ;  the  other,  two. 

The  bone  fed  amounted  to  only  .27  ounce  per  hen  daily. 
One-half  ounce  and  over  is  the  usual  recommendation  by 
writers  upon  the  subject.  We  find  it  impossible  to  feed  so 
largely  without  serious  bowel  trouble. 


Foods  consumed,  Animal  Meal  v.  Cut  Bone. 


Kinds  op  Food. 


Animal  Meal. 


Cut  Bone. 


Wheat,  . 
Oats,  . 
Bran,     . 

Wheat  middlings. 
Gluten  feed. 
Gluten  meal, 
Animal  meal. 
Cut  bone, 
Clover  rowen. 
Cabbage, 


lbs.  oz. 

256  0 

143  0 

44  8 

44  8 

44  8 


44      8 
19      3 


lbs.  oz. 

262  0 

145  0 

39  0 

39  0 

39  0 

40  0 
39  0 
18  8 


Average  Weights  of  the  Fowls  {Pounds) , 


Dates. 


Cut  Bone. 


December  12, 
January  31, 
February  25, 
March  30, 
April  30, 


5.38 
5.66 


5.27 
5.53 
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Eggs  per  Month  (Nicmber) , 


Months. 


Animal  Meal.       Cut  Bone 


December, 

January, 
February, 
March,  . 
April,    . 
Totals, 


63 

57 

92 

83 

184 

120 

263 

259 

210 

209 

728 


Animal  Meal  v.  Cut  Bone  for  Egg-production. 


Animal  Meal. 


Cut  Bone. 


Total  number  of  eggs, 

Hen  days 

Gross  cost  of  foods, 

Cost  per  egg 

Cost  per  hen  day 

Total  weight  of  eggs  (pounds), 
Average  weight  per  egg  (ounces),    . 

Eggs  per  hen  day, 

Dry  matter  consumed  per  hen  day  (pounds),  . 
Dry  matter  to  produce  1  egg  (pounds),    . 

Nutritive  ratio, 

Sitter^ c        . 


812 
2,561 
$8  45 
$0  0104 
$0  0033 
100.5 
1.98 
.32 
.22 
.695 
1:4.6 
22 


728 
2,331 
$8  29 
$0  0114 
$0  0035 
88.7 
1.95 
.31 
.23 
.739 
1:4.7 
13 


A  test  of  the  eggs  both  raw  and  boiled  was  made  by  an 
expert,  who  found  the  animal-meal  eggs  inferior,  in  color 
and  flavor,  to  the  others. 

Conclusion. 
In  conclusion,  then,  I  may  quote  the  closing  summary  of 
results  made  in  my  report  upon  a  similar  experiment  last 
year.  "The  advantage  in  this  trial  lies,  then,  clearly  with 
the  animal  meal  as  a  food  for  egg-production.  It  has  given 
more  eggs  of  greater  average  weight  and  at  considerably 
less  cost  than  the  bone ;  and  it  is,  moreover,  a  more  con- 
venient food  to  use,  as  well  as  safer."  In  one  respect  only 
is  the    animal   meal    apparently  inferior   to   the   bone   this 
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year,  viz.,  the  fowls  getting  it  weigh  less  at  the  close  of  the 
experiment  than  the  others.  This  loss  in  weight  is,  how- 
ever, far  more  than  covered  by  the  greater  value  of  eggs 
produced. 

We  have  now  carried  through  five  experiments,  compar- 
ing these  two  feeds.  Two  have  given  results  slightly 
favorable  to  the  bone  in  number  of  eggs ;  one  a  similar  re- 
sult in  favor  of  the  animal  meal ;  and  two  —  the  two  last, 
which  have  been  the  most  perfectly  carried  out  —  have  been 
most  decisively  favorable  to  the  animal  meal.  The  latter 
has  also  been  found  the  safer  food.  The  greatly  preponder- 
ating weight  of  the  evidence  afforded  by  these  experiinents, 
which  have  been  most  carefully  conducted,  is,  therefore,  in 
favor  of  the  animal  meal. 

3.     Narrow  v.  Wide  Ration  for  Egg-production. 

The  experiments  coming  under  this  head  have  been  two, 
one  extending  from  December  12  to  April  30,  the  other 
from  May  1  to  October  4.  The  object  in  view  was  to  test 
the  correctness  of  the  generally  held  opinion  that  the  food 
of  the  laying  hen  must  be  very  rich  in  nitrogenous  constit- 
uents. As  we  have  carried  out  the  experiment,  it  amounts 
to  a  substitution  of  corn  meal  for  wheat  middlings  and  gluten 
feed  in  the  morning  mash,  and  the  replacement  of  about  one- 
half  of  the  oats  and  the  wheat  fed  at  night  with  the  corn. 
The  proportions  of  cut  clover  and  of  animal  meal  have  re- 
mained the  same  in  the  two  rations. 

The  health  of  the  fowls  on  both  rations  has  been  uniformly 
good  throughout  both  the  winter  and  summer  test,  with  a 
single  exception,  —  the  loss  of  one  fowl  from  the  efiects 
of  indigestion,  —  on  the  wide  ration.  It  was  found  to  re- 
quire the  exercise  of  more  judgment  in  feeding  to  keep  the 
fowls  on  the  heavier  corn  ration  in  perfect  condition.  They 
were  more  easily  overfed,  and  on  two  or  three  occasions  lost 
appetite  for  their  feed  for  short  periods. 

The  Winter  Experiment. 
On  December  12  the  pullets,  19  in  each  lot,  weighed  as 
foUows  :  narrow  ration,  101.75  pounds;  wide  ration,  102.5 
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pounds.  The  first  lot  had  laid,  November  12  to  December 
12,  127  eggs;  the  other  lot,  85  eggs,  and  one  in  this  lot 
was  broody.  The  foods  consumed  during  the  winter  e'xper- 
iment  and  other  details  are  shown  in  the  following  table  :  — > 


Foods  consumed,  Narrow  v.  Wide  Ration  {December  12  to 
April  30) . 


Kinds  of  Food. 


Narrow  Ration.  Wide  Bation 


Wheat, 
Oats, 
Bran,     . 
Middlings,    , 
Gluten  feed, 
Animal  meal, 
Clover,  . 
Corn  meal,    . 
Corn,     . 
Cabbage, 


lbs. 
257 

oz. 
0 

lbs. 
126 

oz 
0 

147 

0 

63 

0 

43 

0 

39 

0 

43 

0 

- 

43 

0 

- 

43 

0 

39 

0 

44 

0 

39 

0 

- 

108 

0 

- 

136 

0 

18 

5 

16 

5 

Average  Weight  of  the  Fowls  (Pounds). 


Dates. 

Narrow  Ration. 

Wide  Ration. 

December  12, 

5.36 

5.39 

January     31, 

5.41 

5.84 

February  25, 

5.45 

5.80 

March        30, 

5.16 

5.57 

April         30, 

5.17 

5.31 

Number  of  Eggs  per  Month,  Narrow  v.  Wide  Ration,  Winter  Test. 


Months. 


Wide  Ration. 


December  12  to  31, 
January, 
February, 
March,  . 
April,    . 

Totals,    . 
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Narroio  v.  Wide  Ration  for  Egg-production,  Winter  Test. 


Narrow  Ration.  "Wide  Ration, 


Hen  days, 

Gross  cost  of  foods 

Cost  per  hen  day, 

Total  number  of  eggs,        .... 

Cost  per  egg, 

Eggs  per  hen  day, 

Total  weight  of  eggs  (pounds), 
Average  weight  of  eggs  (ounces) ,     . 
Dry  matter  to  produce  one  egg  (pounds), 
Dry  matter  consumed  per  hen  day  (pounds), 

Nutritive  ratio, 

Number  of  sitters, 


2,529 

2,538 

$8  54 

$6  56 

$0  0033 

$0  0026 

860 

1,071 

$0  0099 

$0  0061 

.34— 

.42+ 

102.425 

130.53— 

1.98 

1.95 

.655 

.46 

.22 

.19 

1:4.7  — 

1:5.6  — 

30 

24 

Smnmer  Experiment. 
The  summer  experiment  was  continued  with  the  same 
fowls  that  had  been  used  in  the  winter.  The  method  of 
feeding  remained  the  same,  save  in  two  particulars  :  (1)  in 
place  of  cut  clover  rowen  in  the  mash  every  morning,  lawn 
clippings  in  such  quantity  as  the  fowls  would  eat  before 
wilting  were  fed  three  times  per  week,  to  each  lot  the 
same ;  and  (2)  the  feeding  of  cabbages  was  discontinued. 
The  yards  (fifty  by  twenty-four  feet)  were  kept  fresh  by 
frequent  use  of  the  cultivator.  The  health  of  one  fowl  only 
suifered  during  the  experiment.  One  of  the  corn-fed  fowls 
appeared  dumpy  for  a  few  days,  but  was  fully  recovered  in 
two  weeks.  As  in  the  winter  test,  the  fowls  fed  largely  on 
corn  showed  less  relish  for  their  whole  grain  than  the  others. 
Food  consumed  and  other  details  are  shown  below :  — 


Foods  consumed,  Narroio  v.  Wide  Ration  {May  1  to  October  4). 


Kinds  op  Food. 

Narrow  Ration. 

Wide  Ration. 

Wheat 

Lbs. 
276 

97 

43 

43 

43 

43 

Lbs. 

131 5 

Oats, 

43 

Bran,     .        .        .        .     ' 

40 

Middlings 

Animal  meal, 

Corn  meal ■ 

40 
106 1 

Corn, 

217i 

16 
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Average  Weight  of  the  Fowls  (Pounds) . 


Dates. 


April  30,  . 
Jtine  11,  . 
July  16,  . 
August  11,  . 
Before  killing, 
Dressed, 


*  Or  86  per  cent. 


t  Or  88  per  cent. 


Eggs  per  Month  {Nuraher) . 


Narrow  Ration.   Wide  Ration, 


May,      . 
June,     . 

July,      . 
August, 
September,    . 
October  1-14, 
Totals,    . 


216 

292 

182 

204 

157 

210 

151 

197 

139 

174 

14 

18 

859 


1,095 


Narrow  v.  Wide  Ration  for  Egg-production,  Summer  Test. 


Narrow  Ration. 


Wide  Ration. 


Hen  days, 

Gross  cost,    . 

Cost  per  hen  day, 

Total  number  of  eggs 

Cost  per  egg 

Eggs  per  hen  day, 

Total  weight  of  eggs  (pounds). 
Average  weight  of  eggs  (ounces),     .        . 
Dry  matter  to  produce  one  egg  (pounds). 
Dry  matter  consumed  per  hen  day  (pounds), 
Bitters, 


.  2,355 
$7  56 
$0  0032 

859 
$0  0088 

.36 
106.3 
1.98 
.57+ 
.21— 
67 


2,512 

$6  64 

$0  0026 

1,095 

$0  0061 

.44 

130 

1.90 

.48+ 

.21+ 

60 
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The  fowls  on  the  wide  (corn)  ration  laid  three  soft-shelled 
eggs  during  the  winter  test  and  one  during  the  summer. 
These  are  not  included  in  the  tabular  reports. 

Study  of  the  results  reveals  the  following  facts  :  — 

1.  The  hens  on  the  luide  {rich  in  corn)  ration  laid  a  great 
many  inore  eggs  in  hoth  the  winter  and  in  the  summer  exjperi- 
Tnents  than  those  on  the  narrower  ration. 

2.  The  difference  in  favor  of  the  wide  ration  amounts  to 
25  per  cent,  in  the  winter  tnal  and  to  331  i^^''  <^^'*^'  *^  ^^^ 
summer  trials  ujpon  the  basis  of  equal  number  of  hen  days. 

3.  The  total  cost  of  feeds  was  less  for  the  ivide  ration,  and 
of  course  the  cost  per  egg  was  much  less.  In  the  pi'oduction 
of  one  hundred  dozen  eggs  the  saving  on  the  basis  of  our 
winter  test  luould  a^nount  to  §4.56 ;  on  the  basis  of  the  sum- 
mer test,  to  $3.24. 

4.  In  average  weight  of  the  eggs  produced  there  is  a  small 
difference  in  favor  of  the  narroiv  ration ;  but  in  quality  the 
weight  of  family  evidence  shows  the  eggs  produced  by  the 
corn-fed  hens  to  have  been  somewhat  superior.  They  were 
deeper  yellow  and  of  a  milder  flavor  than  the  eggs  from  the 
narrower  ration. 

5.  The  fowls  on  the  wide  ration  gained  somewhat  in 
weight  and  were  heavier  at  the  close  of  the  experiment  than 
the  others,  notwithstanding  the  much  larger  number  of  eggs 
laid. 

At  the  close  of  the  experiment  the  fowls  were  closely 
judged  as  to  the  condition  of  the  plumage  while  still  living, 
and  it  was  decided  that  the  corn-fed  hens  were  farther 
advanced  in  moulting  than  the  others.  The  fowls  were 
slaughtered,  and  the  judgment  of  the  men  removing  the 
feathers  coincided  with  the  judgment  on  the  living  fowls. 

The  averages  before  and  after  dressing  were  as  follows: 
narrow-ration  fowls,  5.07  pounds;  dressed  weight,  4.37 
pounds;  wide-ration  fowls,  5.44  pounds;  dressed  weight, 
4.81  pounds.  The  narrow-ration  foiols  gave  86  per  cent, 
dressed  weight;  the  others,  88  per  cent.  The  dressed  foivls 
were  judged  by  a  miarhet  expert,  who  pronounced  the  corn-fed 
fowls  slightly  superior  to  the  others. 

The  results  are  thus  greatly  in  favor  of  the  ration  richer  in 
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corn  meal  and  corn;  and  so  important  will  a  knowledge  of 
this  fact  jprove  {if  confirmed  hy  farther  trials),  because  of  the 
cheapness  of  these  foods  as  compared  with  wheat,  that  the  ex- 
periment is  being  repeated  this  year  with  three  different 
breeds  of  fowls,  using  co7'n  yet  more  largely  than  last  year. 

4.     Influence  of  the  Coch  on  Egg-production. 

At  the  close  of  the  winter  tests  the  hens  that  had>been 
used  in  the  condition-powder  and  cut-bone  experiments 
were  matched  in  such  a  manner  as  to  equalize  previous 
feed  conditions  in  four  coops  of  sixteen  fowls  each.  The 
fowls  were  all  put  upon  the  same  feed,  and  Qg^  records 
were  kept  for  two  weeks,  to  determine  whether  the  fowls 
seemed  evenly  matched.  At  the  end  of  the  time  a  vigorous 
White  Leghorn  cock  was  placed  in  two  of  the  coops.  We 
had  thus  two  experiments  co-incidently  running.  These 
will  be  designated  respectively  test  No.  1  and  test  No,  2. 

Test  JSfo.  1.  Influence  of  the  Cock  on  JEgg -production.  — 
In  the  preliminary  trial  the  hens  in  pen  1  laid  129  eggs ; 
those  in  pen  2,  107  eggs.  In  the  first  pen  five  hens  were 
brooding;  in  the  second,  seven.  The  fowls  in  both  pens 
were  fed  alike,  each  receiving,  in  addition  to  the  feed  re- 
corded, lawn  clippings  three  times  per  week.  The  experi- 
ment began  May  13  and  extended  to  September  2.  In 
calculating  the  food  cost  per  hen  day  the  cock  is  included 
in  the  hen  days,  but  in  calculating  the  number  of  eggs  per 
hen  day  the  cock  is  not  included.  No  ill  health  or  accidents 
of  any  kind  occurred.     The  cock  in  the  trial  was  in  pen  1. 


Foods  consumed  {May  14  to  September  2). 

KiNBS  OF  Food. 

Penl. 

Pen  2. 

Wheat 

Lbs. 
194 

82 

32 

32 

32 

32 

Lbs. 
194 

Gate 

78 

32 

Middlings, 

Gluten  feed 

Animal  meal, 

32 
32 
32 
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Average  Weight  of  Foivls  {Pounds). 


Dateb. 


Pen  2. 


May 
June 

July 
August 


14,  beginning, 
11, . 
16, . 
11, , 


September    1,  end. 


Influence  of  Cock  on  Egg-production. 


Cock 
with  Hens. 


Ko  Cock 
with  Hens. 


Hen  days,  including  cock 

Hen  days,  without  cock,        .... 

Gross  cost  of  food, 

Cost  per  hen  day, 

Total  Qumber  of  eggs, 

Cost  per  egg 

Eggs  per  hen  day, 

Total  weight  of  eggs  (pounds) ,    . 
Average  weight  of  eggs  (ounces). 
Dry  matter  consumed  per  hen  day  (pounds). 
Dry  matter  consumed  per  egg  (pounds),     , 

Nutritive  ratio 

Sitters 


1,904 
1,792 

$6  53 
$0  0029 

631 
$0  0088 
.35+ 
77.3 
1.96 
.19 
.58— 
1:4.7— 
41 


1,792 
$5  49 
$0  0031 

630 
$0  0087 
.36— 
76.79 
1.95 
.20 
.57+ 
1:4.7 
45 


Test  JSTo.  2.  Influence  of  the  Oock  on  Egg-production.  — 
During  the  preliminary  period  the  fowls  in  pen  5  laid  90 
eggs,  three  offering  to  sit;  those  in  pen  6  laid  107  eggs,  five 
offering  to  sit.  The  cock  was  placed  in  pen  6.  One  hen 
in  pen  6  was  lame  from  July  6  to  the  end  of  the  test ;  one 
in  pen  5  was  injured  in  the  back  on  July  22,  and  died 
August  4.     This  test  closed  August  25. 
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Foods  consumed  (May  14  to  August  25) . 


Kinds  op  Food. 


Pen  5. 


Wheat,     . 
OatB, . 
Bran, 

Middlings, 
Gluten  feed. 
Animal  meal, 


Lbs. 

81i 
30J 
30i 
30J 
304 


Average  Weight  of  Hens  (Pounds). 

Dates. 

Pen  6. 

Pens. 

May       14 

4.91 

5.06 

Jnne      11 

July      16,        .        .        .        .        .  • 

4.79 
4.91 
4.94 

4.04 
5.09 
5.17 

4.72 

5.02 

influence  of  the  Cock  on  Egg-production. 


No  Cock 
with  Hens. 


Hen  days, 

Hen  days  with  cock 

Grosa  cost  of  foods 

Cost  per  hen  day 

Total  number  of  eggs,     .        •        .        .        . 

Cost  per  egg 

Eggs  per  hen  day, 

Total  weight  of  eggs  (pounds) ,    . 
Average  weight  of  eggs  (ounces), 
Dry  matter  to  produce  1  egg  (pounds), 
Dry  matter  consumed  per  hen  day  (pounds), 

Nutritive  ratio, 

Bitters 


1899.]  PUBLIC  DOCUMENT  — No.  31.  181 

Study  of  these  results  shows  that  the  cock  was  without  ap- 
parent influence  upon  the  egg  product  of  these  fowls.  The 
differences  are  very  small,  too  insignificant  to  have  much 
weight,  even  if  in  both  trials  of  the  same  nature.  When 
we  note,  however,  that  in  one  trial  the  balance  was  very 
slightly  in  favor  of  the  set  of  fowls  with  which  the  cock  was 
kept,  and  that  in  the  other  trial  it  was  with  the  fowls  kept 
without  the  cock,  we  must  conclude  that  the  results  prove 
neither  benefit  nor  injury  due  to  the  presence  of  the  male. 
In  one  respect  only  is  there  agreement  in  the  results  of  the 
two  trials ;  the  average  weight  of  the  eggs  from  the  hens 
with  which  a  male  was  kept  was  slightly  the  greater  in  both 
trials.  It  seems  not  impossible  that  this  effect  may  be  due 
to  the  fact  that  the  eggs  had  been  fertilized.  The  differ- 
ence is,  however,  exceedingly  small,  and  would  be  wholly 
without  significance  to  the  producer  of  eggs  for  market  or 
for  table  use. 
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KEPORT   OF   THE   ENTOMOLOGIST. 


CHARLES  H.  FERNALD. 


The  work  of  the  past  season  has  been  along  the  lines  indi- 
cated in  a  previous  report,  so  far  as  time  and  circumstances 
would  permit.  It  has  seemed  desirable  to  give  especial 
attention  to  the  immediate  needs  of  the  citizens  of  this 
Commonwealth,  as  indicated  by  the  extensive  correspond- 
ence, from  which  one  is  enabled  to  gain  a  pretty  clear  idea 
of  the  insects  especially  troublesome,  and  upon  which  help 
is  needed,  from  year  to  year.  The  work  on  the  gypsy  and 
brown-tail  moths  has  demanded  a  large  amount  of  time,  not 
only  in  frequent  inspections  of  the  field  work  in  the  infested 
territory,  but  also  in  planning  and  directing  the  scientific 
part  of  the  work. 

A  monograph  of  the  plume-moths  (^Pterojplioridm)  of  North 
America  was  prepared  and  published  in  the  last  college  re- 
port, and  a  revised  edition  was  issued  in  July  as  a  special 
bulletin  from  this  station.  Such  monographs  are  absolutely 
essential  as  foundation  work  in  economic  entomology.  I  am 
now  at  work,  when  other  duties  permit,  on  a  similar  mono- 
graph of  the  two  remaining  families  of  the  Pyrdlidae.  Mr. 
Cooley's  monograph  on  the  genus  Ghionaspis,  a  group  of 
very  pernicious  scale  insects,  is  now  quite  far  advanced,  and 
will  soon  be  ready  for  publication. 

The  San  Jose  Scale. 
This  insect  has  now  unfortunately  become  established  in 
various  parts  of  the  State,  and  has  been  sent  here  for  deter- 
mination during  the  past  season  more  frequently  than  any 
other.     This  pest,  as  well  as  several  other  injurious  scale 
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insects,  has  been  brought  into  the  State  and  distributed 
among  our  fruit  growers  on  nursery  stock;  and,  unless 
present  in  large  numbers,  they  are  liable  to  be  entirely 
overlooked,  both  by  the  nurseryman  and  the  purchaser,  but 
when  they  are  discovered,  not  only  does  the  purchaser  suffer 
from  the  loss  of  his  trees,  but  the  nurseryman  is  sure  to  lose 
his  trade.  As  a  result,  some  of  our  more  progressive  dealers 
in  nursery  stock,  by  my  advice,  have  built  fumigating  houses, 
and  treat  all  stock  received  and  sent  out,  with  hydro-cyanic 
acid  gas. 

Many  of  the  other  States  have  enacted  laws  for  the  regular 
examination  of  their  nurseries,  and  also  prohibiting  the  intro- 
duction of  nursery  stock  that  has  not  been  examined  by  an 
expert  entomologist,  appointed  for  that  purpose  by  the  State 
from  which  the  stock  was  shipped,  and  accompanied  by  his 
certificate  of  examination.  This  has  shut  out  the  trade  of 
our  nurserymen  more  or  less  from  all  those  States  where 
such  laws  exist,  and,  at  the  same  time,  leaves  Massachusetts 
as  a  dumping  ground  for  the  infested  nursery  stock  of  other 
States.  It  is  evident,  therefore,  that  we  need  some  law  to 
protect  us  against  the  introduction  of  the  San  Jose  scale  and 
other  injurious  insects. 

The  Grass  Thrips. 
The  amount  of  damage  to  grass  done  by  this  insect  has 
been  estimated  at  more  than  that  of  all  others  combined. 
This  may  be  an  overestimate,  but  there  is  no  doubt  that  it 
is  one  of  the  most  destructive  grass  insects  in  this  Common- 
M'ealth.  Very  little  has  been  known  of  it,  beyond  the  fact 
that  it  is  very  injurious ;  but  no  method  of  dealing  with  it 
has  been  suggested  that  promised  any  great  degree  of  suc- 
cess. One  of  my  assistants  has  worked  out  its  life  history 
and  bred  it  through  all  of  its  stages,  and  will  prepare  a 
bulletin  on  it  soon. 

The  Small  Clover-leaf  Beetle. 
This  insect  {Phytonomus  nigviTOStria)  is  very  common  on 
the  college  farm,  and  is  quite  destructive  to  the  clover  on 
which  it  feeds.     Its  habits  and  life  history  will  be  published 
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when  the  investigations  now  being  made  on  it  are  completed. 
An  allied  species,  the  clover-leaf  beetle  (^Pliytonomus  punc- 
tatus),  is  reported  in  various  parts  of  this  country,  and  is 
said  to  have  done  a  great  deal  of  damage. 

The  Buffalo  Carpet  Beetle. 
The  Buffalo  carpet  beetle  has  caused  housekeepers  more 
or  less  trouble  for  a  long  time,  and  the  correspondence  about 
this  insect  has  been  more  extensive  during  the  last  ten  years 
than  on  almost  any  other.  My  attention  has  recently  been 
called  to  an  invasion  of  this  insect  in  the  storehouse  of  the 
Geo.  Gilbert  Manufacturing  Company,  in  Ware,  where  it  was 
destroying  woolen  goods.  After  considering  the  matter 
very  fully,  the  owners  were  advised  to  close  the  house  as 
tightly  as  possible,  and  fumigate  it  with  hydro-cyanic  acid 
gas.  Full  instructions  were  given,  in  order  that  no  acci- 
dents might  occur  from  the  use  of  this  deadly  gas. 

Arsenate  or  Lead  and  Bordeaux  Mixture. 
Arsenate  of  lead  has  proved  so  valuable  an  insecticide  for 
the  destruction  of  the  gypsy  moth,  as  well  as  other  insects, 
that  several  correspondents  have  inquired  if  it  could  be  used 
with  Bordeaux  mixture.  A  trial  was  therefore  made  on 
several  apple  trees  on  my  own  grounds,  with  most  excellent 
results  and  without  any  injury  to  the  foliage,  though  the 
arsenate  of  lead  was  used  in  the  proportion  of  five  pounds 
to  one  hundred  and  fifty  gallons  of  water.  The  fruit  of 
these  trees  had  been  badly  affected  by  the  scab  for  several 
years,  but  after  a  single  spraying  with  the  above  prepara- 
tion the  fruit  in  the  fall  was  in  excellent  condition.  Experi- 
ments will  be  performed  with  these  substances  another  year, 
before  giving  a  detailed  account  of  the  work. 
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DEPARTMENT  OF  FERTILIZERS  AND  FERTILIZER 
MATERIALS. 


CHARLES  A.   GOESSMANN. 
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WILEY. 


Part    I.  —  Report  on  Official  Inspection  of  Commercial  Fertilizers. 
Part  II.  —  Report  on  General  Work  in  the  Chemical  Laboratory. 


PART  I. —REPORT  ON  OFFICIAL  INSPECTION 
OF  COMMERCIAL  FERTILIZERS  AND  AGRI- 
CULTURAL   CHEMICALS    IN   1898. 


CHARLES  A.   GOESSMANN, 


The  number  of  licensed  manufacturers  and  dealers  in 
commercial  fertilizers  and  agricultural  chemicals  during  the 
past  year  is  sixty-one.  Thirty-five  of  these  parties  have 
offices  for  the  general  distribution  of  their  goods  in  Massa- 
chusetts;  the  remainder  reside  in  other  States, — ten  in 
New  York,  four  in  Connecticut,  three  in  Vermont,  three 
in  Rhode  Island,  one  in  Maine,  one  in  New  Jersey,  one  in 
Illinois  and  two  in  Canada. 

The  distinct  brands  of  fertilizer,  including  chemicals, 
licensed  in  the  State,  are  two  hundred  and  sixty-four. 
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Three  hundred  and  seventy-eight  samples  of  fertilizers 
have  thus  far  been  collected  in  the  general  market  by 
experienced  delegates  of  the  station ;  of  these,  three  hun- 
dred and  sixty-three  samples  were  analyzed  at  the  close  of 
November,  1898,  representing  two  hundred  and  sixty-four 
distinct  brands.  The  results  of  these  analyses  were  pub- 
lished for  distribution  in  three  bulletins,  Nos.  51,  54  and 
57,  of  the  Hatch  Experiment  Station  of  the  Massachusetts 
Agricultural  College,  during  the  months  of  February,  July 
and  November,  1898. 

The  remaining  samples  and  others  coming  into  our  hands 
before  the  expiration  of  the  license.  May  1,  1899,  will  be 
analyzed  in  due  time,  and  the  results  published  in  con- 
formity with  our  State  laws  for  the  regulation  of  the  trade 
in  commercial  fertilizers. 

The  modes  of  chemical  analysis  adopted  in  our  examination 
of  fertilizers  are,  in  all  essential  points,  those  recommended 
by  the  Association  of  Official  Chemists. 

For  a  better  understanding  and  due  appreciation  of  the 
trade  in  commercial  fertilizers  during  the  past  year,  the 
following  abstract  of  our  results  is  here  inserted.  To  arrive 
at  a  correct  conclusion,  it  must  be  borne  in  mind  that  only 
the  lowest  stated  guarantee  is  legally  binding  on  all  sales  :  — 

(a)    Where  three  essential  elements  of  plant  food  were 

guaranteed :  —  i897.     1898. 

Nmnber  with  three  elements  equal  to  or  above  the  highest 

guarantee, 

Number  with  two  elements  above  the  highest  guarantee, 
Number  with  one  element  above  the  highest  guarantee, 
Number  with  three  elements  between  the  lowest  and  high- 
est guarantee, 69        85 

Number  with  two  elements  between  the  lowest  and  highest 

guarantee, 63        93 

Number  with  one  element  between  the  lowest  and  highest 

guarantee, 

Number  with  two  elements  below  the  lowest  guarantee, 
Number  with  one  element  below  the  lowest  guarantee, 

(6)    Where  two  essential  elements  of  plant  food  were 
guaranteed :  — 
Number  with  two  elements  above  the  highest  guarantee,    . 
Number  with  one  element  above  the  highest  guarantee, 
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1897.       1898. 

Number  with  two  elements  between  lowest  and  highest 

guarantee, 13        25 

Number  with  one  element  between  lowest  and  highest 
guarantee,  .......... 

Number  with  two  elements  below  the  lowest  guarantee, 

Number  with  one  element  below  the  lowest  guarantee, 

(c)    Where  one  essential  element  of  plant  food  was 
guaranteed :  — 

Number  above  the  highest  guarantee, 10 

Number  between  lowest  and  highest  guarantee,  . 
Number  below  the  lowest  guarantee,    .... 

A  comparison  of  the  above-stated  results  of  our  inspec- 
tion during  the  years  1897  and  1898  shows  no  material 
differences  regarding  the  general  character  of  the  fertilizers 
sold  in  our  market.  In  a  few  cases  it  became  our  duty  to 
communicate  with  the  manufacturers,  and  ask  for  an  ex- 
planation. Imperfect  mixing  proved  in  most  of  these  cases 
the  cause  of  differences  between  guarantee  and  our  analysis. 
As  the  commercial  value  of  the  brand  was  not  materially 
affected,  with  only  two  or  three  exceptions,  the  cases  were 
passed  over,  after  a  satisfactory  explanation  from  the  party 
interested. 

The  present  condition  of  the  trade  in  commercial  fertilizers 
offers  exceptional  advantages  to  provide  efficient  manures  for 
the  successful  raising  of  farm  and  garden  crops  congenial  to 
climate  and  soil.  The  fact  that  the  most  important  essential 
articles  of  plant  food,  as  nitrogen,  potash  and  phosphoric 
acid,  are  freely  offered  for  sale  in  our  markets  in  forms 
suitable  to  change  the  manurial  refuse  of  the  farm  as  stable 
manure  and  vegetable  compost  into  complete  manures  for 
the  crops  to  be  raised,  deserves  the  most  serious  attention 
of  farmers.  To  rejider  the  stated  waste  products  of  the  farm 
in  a  higher  degree  efficacious  as  a  manure  supply  cannot  he 
otherwise  considered  than  as  a  most  prvmising  step  in  the 
direction  of  an  economical  supply  of  plant  food  for  the  pro- 
duction of  farm  and  garden  crops. 

As  the  manufacturer  at  best  can  only  prepare  his  special 
or  so-called  complete  fertilizers  on  general  lines,  not  know- 
ing the  particular  character  and  condition  of  the  soil  which 
receives  them,  it  becomes  the  business  of  the  farmer  to  make 
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his  selection  with  due  care.  An  intelligent  selection  of  fer- 
tilizers from  among  the  various  brands  oifered  for  sale 
requires,  in  the  main,  two  kinds  of  knowledge ;  namely, 
that  the  brand  of  fertilizer  in  question  actually  contains  the 
guaranteed  quantities  and  qualities  of  essential  articles  of 
plant  food  at  a  reasonable  cost,  and  that  it  contains  them  in 
such  form  and  proportions  as  will  best  meet  under  existing 
circumstances  the  special  wants  of  soil  and  crop. 

As  the  physical  conditions  and  chemical  resources  of  soils 
in  available  plant  food  frequently  diifer  widely  even  on  the 
same  farm,  no  definite  rule  can  be  given  for  manuring  farm 
lands,  beyond  the  advice  to  return  to  the  soil  in  available 
form  those  plant  constituents  which  the  crops  raised  in  pre- 
ceding years  have  abstracted  in  exceptionally  large  propor- 
tion, and  which  will  be  especially  called  for  by  the  crops  to 
be  raised. 

To  assist  farmers  in  selecting  their  fertilizers  with  refer- 
ence to  the  wants  of  the  crops  they  wish  to  cultivate,  the 
writer  has  for  years  published  in  his  annual  reports  a  com- 
pilation of  the  analyses  of  farm  and  garden  crops,  to  serve 
as  a  guide  to  all  interested  in  a  rational  mode  of  manuring 
plants.  Copies  of  these  compilations  of  analyses  may  be 
secured  by  asking  for  them  at  the  office  of  the  Hatch  Ex- 
periment Station,  at  Amherst,  Mass. 

In  making  choice  from  among  the  so-called  complete  fertil- 
izers, two  points  in  particular  seem  to  be  worth  remembering. 
Fii'st,  select  them  with  reference  to  the  amount,  the  quality 
and  the  Idnd  of  essential  constituents  they  are  guaranteed 
to  contain,  and  not  merely  with  reference  to  the  cost  per 
ton  ;  mere  trade  names  are  no  guarantee  of  fitness.  High- 
priced  articles,  when  offered  by  reputable  manufacturers, 
have  proved  in  many  instances  cheaper  than  low-priced 
goods.  Second,  buy  your  supplies  of  reputable  dealers, 
and  insist  in  all  cases  on  a  statement  of  guaranteed  com- 
position. 

Valjjation  of  Commercial  Fertilizers. 

The  market  value  of  the  higher  grades  of  agricultural 
chemicals  and  compound  fertilizers  depends  in  the  ma- 
jority of  cases  on  the  amount  and  the  particular  form  of 
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the  three  essential  articles  of  plant  food  which  they  contain, 
i.e.,  nitrogen,  potash  and  phosphoric  acid.  Supply  and 
demand  control  the  temporary  market  prices  not  less  in  the 
fertilizer  trade  than  in  other  lines  of  commercial  business. 

The  approximate  value  of  a  fertilizer,  simple  or  com- 
pound, is  obtained  by  multiplying  the  pounds  contained  in 
a  ton  of  two  thousand  pounds  by  the  trade  value  per  pound 
of  each  of  the  three  above-stated  essential  constituents  of 
plant  food  present.  The  same  course  is  adopted  with  refer- 
ence to  the  different  forms  of  each,  wherever  different  prices 
are  recognized  in  the  trade.  Adding  the  different  values 
per  ton  obtained,  we  find  the  total  value  per  ton  at  the 
principal  place  of  distribution. 

As  farmers  are  quite  frequently  not  in  the  position  to 
secure  the  desired  information  regarding  the  market  cost 
of  fertilizers  they  wish  to  secure,  the  official  inspectors  of 
commercial  fertilizers  have  aided  them  for  years  in  ascer- 
taining the  current  market  prices  of  the  following  leading 
or  standard  raw  materials  :  — 


Sulphate  of  ammonia. 
Nitrate  of  soda. 
Muriate  of  potash. 
Sulphate  of  potash. 
Cotton-seed  meal. 
Dry  ground  fish. 
Azotin. 


Ammoniate. 

Castor  pomace. 

Linseed  meal. 

Dried  blood. 

Dried  ground  meat. 

Bone  and  tankage. 

Plain  superphosphates,  etc. 


which  serve  largely  in  the  manufacture  of  good  fertilizers  for 
our  market ;  and  have  published  the  results  of  their  inquiries 
in  the  form  of  tables,  stating  the  average  trade  values  per 
pound,  for  the  six  months  preceding,  of  the  different  kinds 
and  forms  of  fertilizing  materials  at  the  leading  places  of 
distribution. 

The  values  stated  below  are  based  on  the  condition  of  the 
fertilizer  market  in  centres  of  distribution  in  New  England 
during  the  six  months  preceding  March,  1897  and  1898:  — 
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Trade   Values  of  Fertilizing  Ingredients   in  Raw   Materials  and 
Chemicals,  1897  and  1898  {Cents  per  Pound). 

Nitrogen  in  ammonia  salts, 

Nitrogen  in  nitrates, 

Organic  nitrogen  in  dry  and  fine  ground  fish,  meat  blood, 

and  in  high-grade  mixed  fertilizers, 

Organic  nitrogen  in  cotton-seed  meal, 

Organic  nitrogen  in  fine  bone  a,nd  tankage,  .... 
Organic  nitrogen  in  medium  bone  and  tankage,  , 

Phosphoric  acid  soluble  in  water, 

Phosphoric  acid  soluble  in  ammonium  citrate. 

Phosphoric  acid  in  fine  bone  and  tankage,     .... 

Phosphoric  acid  in  cotton-seed  meal,  castor  pomace,  wood 

ashes  and  fine-ground  fish, 

Phosphoric  acid  in  coarse  bone  and  tankage. 

Phosphoric  acid  insoluble  (in  ammonium  citrate)  in  mixed 

fertilizers, 2.0      2.0 

Potash  as  sulphate  (free  from  chlorides),      .         .        .         .5.0      5.0 
Potash  as  muriate, 4.5      4.25 

From  these  figures  it  is '  apparent  that  some  of  the  best 
forms  of  nitrogen  and  phosphoric  acid  have  sufi'ered,  as  a 
rule,  a  reduction  in  cost,  as  compared  with  preceding  years. 

For  further  details  I  have  to  refer  to  preceding  annual 
reports. 

Consumers  of  commercial  manurial  substances  will  do  well 
to  huy,  whenever  practicable,  on  a  guarantee  of  composition 
of  their  essential  constituents,  and  to  see  that  the  bill  of  sale 
recognizes  the  point  of  the  bargain.  Any  mistake  or  mis- 
understanding in  the  transaction  may  be  readily  adjusted,  in 
that  case,  between  the  contending  parties. 

The  responsibility  of  the  dealer  ends  with  furnishing  an 
article  corresponding  in  its  composition  with  the  lowest 
stated  quantity  of  each  specified  essential  constituent. 

It  is  of  the  first  importance,  when  buying  fertilizers  for 
home  composition,  to  consider  their  cost  with  reference  to 
what  they  promise  to  furnish. 
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lAst  of  Manufacturers  and  Dealers  wJio  have  secured  Certificates 
for  the  Sale  of  Commercial  Fertilizers  in  the  State  during  the 
Past  Year  (May  1,  1898,  to  May  1,  1899),  and  the  Brands 
licensed  by  Each. 


The  Armour  Fertilizer  Works,  Chicago, 
111.  :  — 
Bone  Meal. 
Bone  and  Blood. 
Ammoniated  Bone  and  Potash. 
All  Soluble. 

Bone,  Blood  and  Potash. 
Grain  Grower. 

Wm.  H.Abbott,  Holyoke,  Mass. :  — 
Eagle  Brand  for  Grass  and  Grain- 
Complete  Tobacco  Fertilizer. 

American  Cotton  Oil  Co.,  New  York, 
N.Y.:  — 
Cotton-seed  Meal. 

Butchers'  Rendering  Association,  Fall 
River,  Mass. :  — 
Bone  and  Tankage. 

Bartlett  &  Holmes,  Springfield,  Mass. :  — 
Pure  Ground  Bone. 
Animal  Fertilizer. 
Tankage. 

H.  J.  Baker  &  Bro.,  New  York,  N.Y. :  — 
Standard  Un  X  Ld  Fertilizer. 
Strawberry  Manure. 
Potato  Manure. 
Complete  Cabbage  Manure. 
A.  A.  Ammoniated  Superphosphate. 
Complete  Manure  for  General  Use. 
Grass  and  Lawn  Dressing. 

C.  A.  Bartlett,  Worcester,  Mass. :  — 
Fine-ground  Bone. 
Animal  Fertilizer. 

Berkshire  Mills  Co.,  Bridgeport  Conn. :  — 
Complete  Fertilizer. 
Ammoniated  Bone  Phosphate. 

Hiram  Blanchard,  Eastport,  Me. :  — 
Fish,  Bone  and  Potash,  ^hNb. 


Fish  Scrap  No.  2,/H>B. 


Bowker  Fertilizer  Co.,  Boston,  Mass. :  — 
Stockbridge  Special  Manures. 
Hill  and  Drill  Phosphate. 
Farm  and  Garden  Phosphate. 
Lawn  and  Garden  Dressing. 
Fish  and  Potash. 
Potato  and  Vegetable  Manure. 
Potato  Phosphate. 
Market  Garden  Manure. 
Sure  Crop  Phosphate. 
Gloucester  Fish  and  Potash. 
High-grade  Fertilizer. 
Essex  Fertilizer. 
Bone  and  Wood  Ash  Fertilizer. 
Nitrate  of  Soda. 
Dried  Blood. 
Dissolved  Bone-black. 
Muriate  of  Potash. 
Sulphate  of  Potash. 

Wtlliam   E.    Brightman,    Tiverton, 
R.  I.:  — 
Potato  and  Root  Manure. 
Phosphate. 
Fish  and  Potash. 

Bradley  Fertilizer  Co.,  Boston,  Mass. :  — 
X.  L.  Superphosphate. 
Potato  Manure. 
B.  D.  Sea  Fowl  Guano. 
Complete  Manures. 
Fish  and  Potash. 
Ammoniated  Bone  Phosphate. 
Breck's  Lawn  and  Garden  Dressing. 
Sulphate  of  Potash. 
Corn  Phosphate. 
Muriate  of  Potash. 
Nitrate  of  Soda. 
Dissolved  Bone. 
Fine-ground  Bone. 

Daniel  T.  Church,   Providence,   R.  I. 
(E.  Wilcox,  general  agent)  :  — 
Church's  B  Special. 
Church's  C  Standard. 
Church's  D  Fish  and  Potash. 

Clark's    Cove    Fertilizer    Co.,    Boston, 


Bay  State  Fertilizer. 

Bay  State  Fertilizer  G.  G.  Brand. 
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Clark's  Cove  Fertilizer  Co.  — Con. 
Great  Planet  Manure. 
Potato  Fertilizer. 
King  Philip  Guano. 
Potato  Manure. 
Fish  and  Potash. 
White  Oak  Pure  Bone  Meal. 

Cleveland  Dryer  Co.,  Boston,  Mass. :  — 
Superphosphate. 
Potato  Phosphate. 
Cleveland  Fertilizer. 

E.  Frank  Coe  Co.,  New  York,  N.  Y. :  — 
High-grade  Potato  Fertilizer. 
Tobacco  and  Onion  Fertilizer. 
High-grade  Ammoniated  Bone  Su- 
perphosphate. 
Gold  Brand  Excelsior  Guano. 
Fish  Guano  and  Potash. 
Bay  State  Phosphate. 
Vegetable  and  Vine  Fertilizer. 

Crocker  Fertilizer  and  Chemical  Co., 
Buffalo,  N.Y.:  — 

Ammoniated  Bone  Superphosphate. 

Potato,  Hop  and  Tobacco  Phos- 
phate. 

Ammoniated  Wheat  and  Corn  Phos- 
phate. 

New  Rival  Ammoniated  Superphos- 
phate. 

Vegetable  Bone  Superphosphate. 

General  Crop  Phosphate. 

Universal  Grain  Grower. 

Special  Potato  Manure. 

New  England  Tobacco  and  Potato 
Grower. 

Cumberland  Bone  Phosphate  Co.,  Bos- 
ton, Mass. :  — 
Superphosphate. 
Potato  Fertilizer. 
Concentrated  Phosphate. 
Fertilizer. 

L.  B.  Darling  Fertilizer  Co.,  Pawtucket, 
R.  I.:  — 

Animal  Fertilizer. 

Potato  and  Root  Crop  Manure. 

Tobacco  Grower. 

Blood,  Bone  and  Potash. 

Special  Formula. 

Fine-ground  Bone. 

Muriate  of  Potash. 

Nitrate  of  Soda. 

Farm  Favorite. 


John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Nitrogenous  Superphosphate. 
Pure  Ground  Bone. 

Eastern  Chemical  Co.,  Boston,  Mass. :  — 
Imperial  Liquid  Plant  Food. 

W.  E.  Fyfe  &  Co.,  Clinton,  Mass. :  — 
Wood  Ashes. 

Great  Eastern  Fertilizer  Co.,  Rutland, 
Vt.:  — 
Northern  Corn  Special. 
General  Fertilizer. 
Vegetable,  Vine  and  Tobacco  Fer- 
tilizer. 
Garden  Special. 
Grass  and  Oats  Fertilizer. 

Thomas  Hersom  &  Co.,  New  Bedford, 

Mass. :  — 
Bone  Meal. 
Meat  and  Bone. 

Edmund  Hersey,  Hingham,  Mass. :  — 
Ground  Bone. 

Thomas  Kirley,   South   Hadley   Falls, 

Mass. :  — 
Pride  of  the  Valley. 

Lister's  Agricultural  Chemical  Works, 
Newark,  N.  J. :  — 
Lister's  Celebrated  Onion  Fertilizer. 
Lister's  Success  Fertilizer 
Lister's  Special  Potato  Fertilizer. 
Lister's  Special  Tobacco  Fertilizer. 

Lowell  Fertilizer  Co.,  Boston,  Mass. :  — 
Bone  Fertilizer  for  Corn  and  Grain. 
Animal  Fertilizer. 
Potato  Phosphate. 
Bone  and  Potash. 
Lawn  Dressing. 
Tobacco  Manure. 
Fruit  and  Vine  Fertilizer. 
Market-garden  Fertilizer. 
Ground  Bone. 

Lowe  Bros.,  &  Co.,  Fitchburg,  Mass.  :^ 

Tankage. 

F.  R.  Lalor,  Dunville,  Ontario,  Can. :  — 
Canada     Unleached     Hard-wood 
Ashes. 
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The  Mapes  Formula  and  Peruvian  Guano 
Co.,  New  York.N.Y.:  — 
Bone  Manures. 
Superphosphates. 
Special  Crop  Manures. 
Sulphate  of  Potash. 
Double  Manure  Salts. 
Nitrate  of  Soda. 

E.  McGarvey  &  Co.,  London,  Ontario, 
Can. : — 
Unleached  Hard-wood  Ashes. 

McQuade  Bros.,  West  Auburn,  Mass. :  — 
Fine-ground  Bone. 

Geo.  L.  Monroe,  Oswego,  N.  Y. :  — 
Canada     Unleached     Hard-wood 
Ashes. 

National    Fertilizer    Co.,    Bridgeport, 
Conn.  :  — 
Complete  Fertilizers. 
Ammoniated  Bone. 
Market-garden  Manure. 
Potato  Phosphate. 
Fish  and  Potash. 
Ground  Bone. 

Niagara    Fertilizer    Works,    Buffalo, 
N.Y.:  — 
Wheat  and  Corn  Producer. 
Potato,  Tobacco  and  Hop  Fertilizer. 
Niagara  Triumph. 

Packers    Union   Fertilizer   Co.,   New 
York.N.Y.:  — 
Universal  Fertilizer. 
Wheat,  Oats  and  Clover  Fertilizer. 
Animal  Corn  Fertilizer. 
Potato  Manure. 
Gardener's  Complete  Manure. 

Pacific  Guano  Co.,  Boston,  Mass. :  — 
Soluble  Pacific  Guano. 
Special  Potato  Manure. 
Nobsque  Guano. 
High-grade  General  Fertilizer. 
Grass  and  Grain  Fertilizer. 
Fish  and  Potash. 

Pacific    Guano   with    10    per  cent. 
Potash. 

Parmenter    &    Polsey    Fertilizer    Co., 
Peabody,  Mass. :  — 
Plymouth  Rock  Brand. 
Star  Brand  Superphosphate. 


Parmenter  &    Polsey  Fertilizer  Co. — 
Con. 
Special  Potato. 
Strawberry  and  Small  Fruits. 
Ground  Bone. 
Muriate  of  Potash. 
Sulphate  of  Potash. 
Nitrate  of  Soda. 
P.  &  P.  Potato  Fertilizer. 

A.  W.  Perkins  &  Co.,  E,utland,  Vt. :  — 
Plantene. 

Prentiss,     Brooks     &     Co.,    Holyoke, 
Mass. :  — 
Complete  Manures. 
Phosphate. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Sulphate  of  Potash. 

Preston    Fertilizer    Co.,    Brooklyn, 
N.  Y.  :  — 
Pioneer. 

Potato  Fertilizer. 
Superphosphate,  I. 

Quinnipiac  Co.,  Boston,  Mass. :  — 
Phosphate. 
Potato  Manure. 
Market-garden  Manure. 
Fish  and  Potash. 
Grass  Fertilizer. 
Corn  Manure. 
Potato  Phosphate. 
Climax  Phosphate. 
Pure  Ground  Bone. 
Muriate  of  Potash. 
Sulphate  of  Potash. 
Nitrate  of  Soda. 
Kainit. 
Dissolved  Bone-black. 

Benjamin     Randall,     East     Boston, 
Mass. :  — 
Market-garden  Fertilizer. 
Farm  and  Field. 
Ground  Raw  Bone. 

Read  Fertilizer  Co.,  New  York,  N.  Y. 
(H  D.  Foster,  general  agent)  :  — 
Standard  Fertilizer. 
High-grade  Farmers'  Friend. 
Practical  Potato  Special. 
Vegetable  and  Vine. 
Fish,  Bone  and  Potash. 
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N.  Roy  &  Son,  South  Attleborough, 
Mass. :  — 
Complete  Animal  Fertilizer. 

The  Rogers  &  Hubbard  Co.,  Middle- 
town,  Conn.:  — 

Hubbard's  Soluble  Potato  Manure. 

Hubbard's  Soluble  Tobacco  Manure. 

Hubbard's  Fairchild's  Formula  for 
Corn  and  General  Crops. 

Hubbard's  Grass  and  Grain  Fertil- 
izer. 

Hubbard's  Oats  and  Top-dressing 
Fertilizer. 

Hubbard's  Pure  Raw  Knuckle  Bone 
Flour. 

Hubbard's  Strictly  Pure  Fine  Bone. 

Hubbard's  Fertilizer  for  all  Soils 
and  all  Crops. 

Russia  Cement  Co.,  Gloucester,  Mass. : — 
XXX  Fish  and  Potash. 
High-grade  Superphosphate. 
Corn,  Grain  and  Grass  Manure. 
Potato,  Root  and  Vegetable  Manure. 
Odorless  Lawn  Dressing. 
Potato  Fertilizer. 
Dry  Ground  Fish. 
Special  Manure  for  Carnations. 

Lucien  Sanderson,  New  Haven,  Conn. : — 
Formula  A. 
Blood,  Bone  and  Meat. 
Dissolved  Bone-black. 
Nitrate  of  Soda. 
Sulphate  of  Potash. 
Muriate  of  Potash. 
Sanderson's    Old    Reliable    Super- 
phosphate. 
Sanderson's  Potato  Manure. 

Edward   H.    Smith,    Northborough, 
Mass. :  — 
Ground  Bone. 

Thomas  L.  Stetson,  Randolph,  Mass. :  — 
Ground  Bone. 

Standard  Fertilizer  Co.,  Boston,  Mass. : — 
Standard  Fertilizer. 
Standard  Guano. 
Complete  Manure. 
Special  for  Potatoes. 

C.  F.  Sturtevant,  Hartford,  Conn. :  — 
Tobacco  and  Sulphur  Fertilizer. 


Henry  F,  Tucker,  Boston,  Mass. :  — 
Original    Bay    State   Bone    Super- 
phosphate. 
Imperial  Bone  Superphosphate- 
Special  Potato  Fertilizer. 
Bay  State  Special. 

Andrew  H.  Ward,  Boston,  Mass. :  — 
Ward's  Chemical  Fertilizer. 

I.  S.  Whittemore,  Wayland,  Mass. :  — 
Complete  Manure. 

D.  Whithead,  Lowell,  Mass. :  — 
Champion  Garden  Fertilizer. 
Bone  Meal. 

The  Wilcox  Fertilizer  Works,  Mystic, 
Conn. :  — 
Potato,  Onion  and  Tobacco  Manure. 
High-grade  fish  and  potash. 
Dry  Ground  Fish  Guano. 
Fish  and  Potash  1895  Brand. 

Williams  and  Clark  Fertilizer  Co.,  Bos- 
ton, Mass. :  — 
Ammoniated  Bone  Superphosphate. 
Potato  Phosphate. 
High-grade  Special. 
Fine  Wrapper  Tobacco  Grower. 
Royal  Bone  Phosphate- 
Corn  Phosphate. 
Potato  Manure. 
Grass  Manure. 
Fish  and  Potash. 
Prolific  Crop  Producer. 
Onion  Manure. 
Bone  Meal. 
Dry  Ground  Fish. 
Sulphate  of  Potash. 
Muriate  of  Potash. 
Nitrate  of  Soda. 
Dissolved  Bone-black. 

M.  E.  Wheeler  &  Co.,  Rutland,  Vt.  :  — 
High-grade  Corn  Fertilizer. 
High-grade  Potato  Manure. 
Superior  Truck  Fertilizer. 
High-grade  Fruit  Fertilizer. 
High-grade  Grass  and  Oats  Fertil- 
izer. 

A.  L.  Warren,  Northborough,  Mass. :  — 
Fine-ground  Bone. 

Sanford  Winter,  Brockton,  Mass. :  — 
Fine-ground  Bone. 
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PART  II.— EEPORT  ON  GENERAL  WORK  IN  THE 
CHEMICAL   LABORATORY. 


CHARLES  A.   GOESSMANN. 


1.  Analyses  of  Materials  sent  on  for  Examination. 

2.  Notes  on  Wood  Ashes,  Condition  of  Trade,  etc. 

3.  Notes  on  Fertilizers  for  Pot  Cultivation  and  Green- 

houses. 

4.  Observations  regarding  the  Action  of  Acid  and  Basic 

Phosphates, on  the  Availibility  of  the  Nitrogen  in 
Blood,  Steamed  Leather  and  Leather  Scraps, 

5.  Notes  on  the  Determination  of  the  Available  Phos- 

phoric Acid  in  the  Soil. 

6.  Analyses  of  Drainage  Waters  obtained  in  Connec- 

tion with  Some  Field  Experiments  carried  on  upon 
the  Grounds  of  the  Station. 

1.     Analyses  of  Materials  sent  on  for  Examination. 

The  number  of  substances  tested  in  this  connection  amount 
to  several  hundred.  The  results  of  our  examination  are 
already  published  in  detail  irj  Bulletins  51,  54  and  57  of 
the  Hatch  Experiment  Station  of  the  Massachusetts  Agri- 
cultural College,  in  connection  with  the  results  of  the  official 
inspection  of  commercial  fertilizers  collected  from  original 
packages  by  an  efficient  delegate  of  the  station. 

The  responsibility  of  the  genuineness  of  the  articles  sent 
on  for  examination  rests  in  all  cases  with  the  parties  asking 
for  the  analysis.  Our  publication  of  the  results  refers  merely 
to  the  locality  they  come  from,  to  avoid  misunderstandings. 
The  work  carried  on  in  this  connection  is  growing  from 
year  to  year  in  importance. 

A  large  proportion  of  commercial  manurial  substances 
consist  of  by  or  waste  products  of  various  industries.  The 
composition  and  general  character  of  these  materials  depend 
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on  tlie  current  mode  of  manufacture.  The  rapid  advance- 
ment in  many  branches  of  industries  is  at  any  time  liable  to 
affect  more  or  less  seriously  the  commercial  as  well  as  the 
manurial  value  of  their  waste  products.  A  frequent  exam- 
ination of  that  class  of  materials  cannot  fail  to  benefit  the 
vital  interests  of  our  farming  community.  For  this  reason, 
arrangements  w^ere  made,  as  in  previous  years,  to  attend  to 
the  examination  of  substances  of  interest  to  farmers,  to  the 
full  extent  of  the  resources  placed  at  the  disposal  of  the 
officer  in  charge  of  this  work. 

These  investigations  are  carried  on  free  of  charge  to  farmers 
of  the  State,  and  as  far  as  the  financial  resources  of  the  lab- 
oratory admit.  The  examination  of  the  materials  is,  as  a 
rule,  carried  on  in  the  order  they  arrive  at  the  station,  and 
the  results  are  considered  public  property. 

The  following  statement  of  the  names  of  the  different 
articles  sent  on  and  thus  far  analyzed  may  suffice  here  to 
convey  some  more  definite  idea  concerning  the  general 
character  of  the  work  :  — 


Materials  sent  on,  Dec.  1,  1897,  to  Dec.  1,  1898. 


Air-dried  potatoes,  . 

9 

Peat,         .... 

1 

Acid  phosphate, 

2 

Nitrate  of  soda, 

3 

Ashes  from  cremation  of  garb- 

Sulphate of  ammonia, 

1 

age,       .... 

1 

Sulphate  of  potash  and  mag- 

Bleachery refuse, 

2 

nesia,     .... 

1 

Broom  corn  seed,     . 

1 

Sulphate  of  potash,  . 

2 

Cotton-seed  meal,    . 

2 

Sweet  clover  hay,     . 

3 

Compound  fertilizers, 

21 

Sulphate  of  magnesia, 

1 

Cremation  ashes. 

1 

Soya  bean  refuse,     . 

1 

Dissolved  bone-black. 

1 

Starch,      .... 

2 

Fodder  material. 

1 

Sewage,   .... 

1 

Ground  bone,  . 

9 

Soil, 

12 

Ground  fish,     . 

1 

Silicate  of  potash,     . 

1 

Hop  refuse. 

.       1 

Tankage, .... 

3 

Lime-kiln  ashes. 

.      2 

Tobacco  stems, 

1 

Liquid  fertilizer, 

1 

Tobacco  refuse, 

.      1 

Manure,    . 

.     12 

Teopik  fibre,    . 

.      1 

Marl,         .... 

1 

Wood  ashes,     ... 

79 

Muriate  of  potash,    . 

.      3 

Wool  waste,     . 

1 

Muck,       .... 

5 

Whale-bone  scrapings,    . 

I 

Minerals, .... 

.      3 

Vat  deposit. 

1 

Oxalic  acid, 

1 
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A  few  of  the  more  important  of  the  above-stated  ma- 
terials, as  wood  ashes,  etc.,  are  discussed  more  at  length  in 
subsequent  pages. 

2.     Notes  on  Wood  Ashes. 

Wood  ashes  for  manurial  purposes  are  in  our  State  subject 
to  official  inspection,  and  dealers  in  that  commodity  have  to 
secure  a  license  to  sell  in  our  State  before  they  can  legally 
advertise  their  articles  for  sale.  This  circumstance  makes  it 
obligatory  on  the  dealers  to  state  the  amount  of  potash  and 
of  phosphoric  acid  they  guarantee  in  these  materials,  and  to 
fasten  that  statement  upon  the  package  or  car,  etc.,  which 
contains  them. 

Some  dealers  in  wood  ashes  have  adopted  of  late  the 
practice  of  stating  merely  the  sum  of  both,  instead  of 
specifying  the  amount  of  each  of  them  present.  As  phos- 
phoric acid  and  potassium  oxide  contained  in  wood  ashes  are 
considered,  in  our  section  of  the  country,  pound  for  pound 
of  an  equal  commercial  value,  from  4.5  to  5  cents,  no  par- 
ticular objection  can  be  raised  against  a  joint  statement  of 
both,  as  far  as  the  mere  money  value  of  the  samples  is 
concerned ;  yet,  as  this  mode  of  stating  the  guaranteed  com- 
position is  apt  to  lead  to  misconception  and  abuse,  it  ought 
to  be  discouraged  and  discontinued. 

As  the  dealer  is  only  obliged  to  guarantee  the  amount  of 
potash  and  of  phosphoric  acid  present  in  a  given  quantity 
of  wood  ashes,  no  serious  objection  can  be  raised  on  the 
part  of  the  buyer  on  account  of  moisture,  etc.,  as  long  as 
the  article  contains  the  specified  amount  of  both  potash  and 
phosphoric  acid.  Wood  ashes  ought  to  be  bought  and  sold 
by  weight,  and  not  by  measure,  for  both  moisture  and  the 
general  character  of  foreign  matters  are  apt  to  seriously 
affect  the  weight  of  a  given  measure. 

During  the  past  year  (1898)  40.1  per  cent,  of  the  ma- 
terials sent  on  for  analysis  consisted  of  wood-ash  samples ; 
during  the  preceding  year  (1897)  they  amounted  to  40  per 
cent. 

The  general  character  of  the  wood  ashes  sold  during  the 
stated  years  may  be  judged  from  the  following  classified 
statement  of  our  results  :  — 
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Moisture  from    1  to    3  per  cent., 

Moisture  from    3  to    6  per  cent., 

Moisture  from    6  to  10  per  cent., 

Moisture  from  10  to  15  per  cent., 

Moisture  from  15  to  20  per  cent., 

Moisture  from  20  to  30  per  cent.. 

Moisture  above  35  per  cent.. 

Potassium  oxide  above  8  per  cent., 

Potassium  oxide  from  7  to  8  per  cent., 

Potassium  oxide  from  6  to  7  per  cent., 

Potassium  oxide  from  5  to  6  per  cent.. 

Potassium  oxide  from  4  to  5  per  cent. 

Potassium  oxide  from  3  to  4  per  cent.. 

Potassium  oxide  below  3  per  cent., 

Phosphoric  acid  above  2  per  cent., 

Phosphoric  acid  from  1  to  2  per  cent.. 

Phosphoric  acid  below  1  per  cent., 

Average  per  cent,  of  calcium  oxide  (lime), 

(  below  5, 
I  6  to  10, 
!  10  to  15, 
I  15  to  20, 
I  20  to  30, 
I  above  30, 


Per  cent,  mineral  matter  insoluble  in 
diluted  hydrochloric  acid,  from  — 


No.  of  Samples. 

1897. 

1898. 

10 

9 

8 

6 

13 

20 

19 

22 

11 

16 

10 

6 

1 

- 

3 

4 

8 

6 

21 

8 

28 

22 

10 

25 

3 

11 

- 

3 

4 

6 

45 

60 

24 

13 

34.29 

33.60 

- 

1 

10 

16 

30 

31 

15 

15 

3 

13 

1 

_ 

As  the  majority  of  dealers  in  wood  ashes  guarantee  from 
4.5  to  6  per  cent,  of  potassium  oxide  in  their  articles,  it 
will  be  seen  that  a  large  number  of  the  samples  are  below 
even  the  lowest  guarantee ;  showing,  on  the  whole,  that  the 
quality  of  wood  ashes  sold  in  1898  as  a  potash  source  has 
been  inferior,  when  compared  with  the  preceding  year. 
Whether  this  circumstance  is  due  to  a  general  decline  of 
the  article  or  to  the  management  of  any  particular  importer 
or  dealer  is  difficult  to  decide  on  our  part,  as  long  as  farmers 
do  not  state  the  name  of  the  party  from  whom  they  have 
bought,  or  the  cost  per  ton  of  the  ashes  they  send  on  for 
examination. 

It  is  most  desirable  to  ascertain  whether  the  general  char- 
acter of  the  wood  ashes  is  gradually  declining  from  natural 
causes,  or  whether  some  parties  are  handling  inferior  goods. 
All  interested  in  the  solution  of  this  question  will  confer  a 
favor  on  us  by  sending  with  their  samples  of  wood  ashes  the 
names  of  the  party  from  whom  they  bought  the  article,  and 
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state  the  price  per  ton  asked  at  the  nearest  depot  for  gen- 
eral distribution. 

The  large  percentage  of  lime,  from  30  to  40  per  cent., 
found  in  genuine  wood  ashes,  imparts  a  special  agricultural 
value  to  them  as  a  fertilizer,  aside  from  the  amount  of 
potash  and  phosphoric  acid  they  contain.  Wherever  an 
application  of  lime  is  desired,  wood  ashes  deserve  favor- 
able consideration,  on  account  of  the  superior  mechanical 
condition  of  the  lime  they  furnish. 

3.  Notes  on  Fertilizers  suitable  for  raising  Plants 
IN  Pots  and  Greenhouses. 

The  interest  in  raising  plants  in  pots  and  under  glass 
in  greenhouses,  by  the  aid  of  commercial  fertilizers,  is 
gradually  increasing,  judging  from  numerous  applications 
for  information. 

The  following  analyses  represent  two  samples  of  fertil- 
izers recommended  for  that  purpose ;  they  were  sent  on 
for  a  general  analysis  by  parties  interested  in  the  matter :  — 

1 .     Plant  Food  in  Pellet  Form,  sent  on  from  Neiotonville,  Mass. 

Per  Cent. 

Moisture, 3.39 

Organic  and  volatile  matter,     .        .         .        .         .        .  41 .  15 

Ash  constituents, 58.85 

Water  soluble  material, 82.40 

Insoluble  residue  (in  water), 17.60 

Total  phosphoric  acid, 16 .  59 

Soluble  phosphoric  acid, 14.58 

Reverted  phosphoric  acid, 1 .  67 

Insoluble  phosphoric  acid,        .        .        ,        .         .        .  .34 

Potassium  oxide,  total, 7.96 

Potassium  oxide,  water  soluble, 7 .  63 

Sodium  oxide, 6 .  19 

Calcium  oxide, 4.04 

Magnesium  oxide, 6.30 

Chlorine, 6.05 

Sulphuric  acid  (SO3), 17.17 

Total  nitrogen, 7 .  65 

Nitrogen  as  ammoniates, 7.06 

Nitrogen  as  nitrates,         .        .        .        - 50 

Nitrogen  as  organic  matter, 09 

Insoluble  matter  in  dilute  hydrochloric  acid  (clay),        .  14.33 
Water  solution  strongly  acid. 
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2.     Liquid  Fertilizer  sent  on  from  Natick,  Mass. 

Per  Cent. 

Moisture, "...  90.46 

Solid  residue, 9.54 

Phosphoric  acid, 1.24 

Potassium  oxide, 2.79 

Sodium  oxide, 1 .  67 

Calcium  oxide, 1.82 

Magnesium  oxide, .07 

Chlorine, 02 

Sulphuric  acid  (SOg),       .         .        .        .         . 

Total  nitrogen, 1.12 

Nitrogen  as  ammoniates, .39 

Nitrogen  as  nitrates, .73 

Reaction  strongly  acid. 

The  importance  of  the  interests  involved  induced  the 
writer  some  years  ago  to  enter  upon  a  series  of  experi- 
ments, to  assist  in  the  development  of  a  more  efficient 
system  of  manuring  several  important  industrial  crops, 
fruits  and  garden  vegetables.  The  first  results  of  that 
investigation  are  published  in  the  eleventh  and  twelfth  re- 
ports of  the  director  of  the  Massachusetts  State  Agricultural 
Experiment  Station,  to  which  I  have  to  refer  for  details. 
Those  of  later  years  are  contained  in  the  annual  report  of 
the  Hatch  Experiment  Station  of  the  Massachusetts  Agri- 
cultural College  for  1896  and  1897. 

In  the  course  of  my  discussion  of  the  lessons  to  be  de- 
rived from  the  above-stated  experiment  in  field  and  vegeta- 
tion house,  it  was  recommended  to  observe  the  following 
rules  :  — 

1.  To  avoid  an  accumulation  of  half-decayed  vegetable 
matter  in  the  soil,  and  to  enrich  the  latter  in  the  desired 
direction  by  means  of  concentrated  chemical  manures. 

2.  To  change,  wherever  practicable,  from  season  to  season 
the  position  of  the  various  crops,  to  favor  the  destruction  of 
parasites  and  to  economize  the  inherent  sources  of  plant  food. 

3.  To  avoid  an  accumulation  of  salines  in  the  soil,  not 
called  for  by  the  crops,  or  considered  injurious  to  the 
chemical  or  physical  properties  of  the  soil. 

4.  To  prevent  a  marked  acidity  of  the  soil,  by  a  period- 
ical application  of  air-slacked  lime,  wood  ashes,  etc. 
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5.  To  select  the  various  commercial  forms  of  nitrogen, 
and  potash  in  particular,  with  special  reference  to  the  kind 
and  the  desired  character  of  the  crop  to  be  raised. 

6.  To  use  as  a  general  fertilizer  a  mixture  of  two  parts 
of  available  potassium  oxide,  one  part  of  available  nitrogen 
and  one  part  of  available  phosphoric  acid,  in  such  quan- 
tities per  acre  as  the  conditions  of  the  soil  and  composition 
of  the  crop  to  be  raised  called  for ;  allowing,  for  the  com- 
position of  one  thousand  pounds  of  green  garden  vegetables, 
on  an  average  :  — 

Pounds. 

Nitrogen, 4.01 

Phosphoric  acid, 1 .  90 

Potassium  oxide, 3.90 

On  account  of  the  frequent  cultivation  of  beans  and  peas 
as  garden  crops,  a  fertilizer  of  the  following  composition 
suggested  itself  to  me  :  — 

Parts. 

Available  nitrogen, 1 

Available  potash, 2 

Available  phosphoric  acid,        ......  1 

More  recent  observations  confirm  the  advisability  of  the 
previously  stated  rules  in  a  general  way ;  yet  they  also 
emphasize  the  fact  that,  wherever  the  quality  of  the  crop 
controls  its  economical  and  commercial  value,  it  seems  ad- 
visable that  care  should  be  taken  to  secure  the  exclusion  of 
an  accumulation  of  soluble  saline  substances  not  called  for 
by  the  crop.  This  circumstance  deserves  particular  atten- 
tion in  cultivation  under  glass,  where  the  body  of  the  soil  is 
limited,  and  the  removal  of  such  substances  by  percolation 
to  the  lower  layers  ofi'ers  but  little  chance  of  relief. 

In  our  experiments  above  described  this  view  of  the  ques- 
tion of  supplying  plant  food  in  the  greenhouse  has  aided  us 
in  selecting  a  series  of  concentrated  chemical  manures,  which 
for  the  above  reason  are  now  recommended  for  patronage  :  — 
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Kame  of  Substance. 

Potassium 

Oxide 
(Percent.). 

Phosphoric 

Acid 
(Percent.). 

Nitrogen 
(Percent.). 

High-grade  muriate  of  potash,     .... 

50.00 

- 

- 

High-grade  sulphate  of  potash 

50.20 

- 

Potash-magnesia  sulphate, 

24.32 

- 

Carbonate  of  potash-magnesia,    .... 

18.48 

- 

- 

Phosphate  of  potash, 

32.56 

35.70 

- 

Dissolved  hone-black 

13.88 

- 

Odorless  phosphate,  phosphatic  slag, 

- 

18.42 

- 

Double  superphosphate, 

- 

47.80 

- 

Phosphate  of  ammonia, 

- 

43.86 

10.37 

Dried  blood, 

- 

4.02 

10.00 

Nitrate  of  soda 

- 

- 

14.28 

Sulphate  of  ammonia, 

- 

- 

19.59 

As  the  local  conditions  of  the  soil  and  the  composition 
of  the  individual  characteristics  of  the  plants  to  be  raised 
deserve  especial  attention,  when  selecting  from  the  above- 
stated  commercial  manurial  substances  the  constituents  for 
the  fertilizer  mixtures  to  be  used,  it  cannot  be  considered 
judicious  to  recommend  any  particular  combination  as  being 
unfailino;  and  best  in  all  cases.  For  this  reason  it  has  been 
thought  best  to  state  in  this  connection,  as  a  mere  matter 
of  illustration,  a  few  combinations  of  manurial  substances 
which  served  us  well,  as  may  be  noticed  from  a  few  preced- 
ing annual  reports,  —  State  Experiment  Station,  1893,  pages 
241  to  261 ;  and  1894,  pages  274  to  285. 

The  amount  of  fertilizer  recommended  per  acre,  under  fair 
conditions  of  the  soil,  contains  :  — 

Pounds. 

.....       60 

60 

120 


Available  nitrogen, 
Available  phosphoric  acid,  . 
Available  potash, . 


Some  Combinations  of  High-grade  Substances  for  Use  in  Garden, 
Greenhouse  and  Pots. 

1.  Nitrate  of  soda.  3.  Dried  blood. 

High-grade  sulphate  of  potash.  High-grade  sulphate  of  potash. 

Dissolved  bone-black.  Dissolved  bone-black. 


2.  Sulphate  of  ammonia. 

High-grade  sulphate  of  potash. 
Dissolved  bone-black. 


4.  Nitrate  of  soda. 
Muriate  of  i^otash. 
Dissolved  bone-black. 
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Mixtures  of  muriate  of  potash  and  sulphate  of  ammonia 
have  proved  in  our  experience  in  many  cases  objection- 
able, on  account  of  a  mutual  decomposition  into  chloride 
of  ammonia  and  sulphate  of  potash. 

4.      Observations  with   Dried   Blood  and  Two  Kinds 
or  Leather  Refuse  as  the    Sources  of   Nitro- 
gen FOR  growing  Eye  in  Presence  of  Acid  and 
OF  Alkaline  Phosphates. 
In  a  preceding  report  an  experiment  has  been  briefly  de- 
scribed in  which  dried  blood  has  been  compared  with  leather 
refuse  as  a  nitrogen  source  for  growing  plants,  when  used  in 
connection  with  double  phosphate   and  muriate  of  potash. 
The  difierences  of  the  crops  raised  were  more  marked  with 
reference  to  the  yield  of  the  straw  than  to  that  of  the  grain. 
(For  details,  see  annual  report  of  the  Massachusetts  State 
Agricultural  Experiment  Station  for  1894,  pages  283-285.) 
It  seemed  advisable  to  repeat  the  experiments,  with  such 
modifications  as  experience  suggested,  to  secure,  if  possible, 
more  decisive  results,  and  to  ascertain  whether  the  degree  of 
availability  of  the  nitrogen  contained  in  the  dried  blood  and 
in  the  leather  refuse  would  not  be  more  strikingly  modified 
by  using  alkaline  pJiosjphates  instead  of  acid  phosphates  as 
the  phosphoric  acid  source. 

The  following  course  was  adopted.  Winter  rye  was  again 
selected  for  the  observation.  The  soil  used  was  taken  from 
the  same  locality,  at  eighteen  inches  below  the  surface,  and 
freed  from  coarse  materials  by  repeated  screening  through 
a  sand  screen,  as  in  the  first  experiment.  The  fertilizers 
used  were  in  each  case  carefully  distributed  throughout  the 
entire  body  of  the  soil.  The  boxes  were  the  same  which 
had  been  used  in  the  preceding  experiments,  containing 
from  seventy-five  to  eighty  pounds  of  soil,  having  a  depth 
of  eighteen  inches. 

Six  boxes  were  employed  in  the  experiment ;  three  served 
for  the  trial  with  acid  phosphate,  —  dissolved  bone-black ; 
and  three  with  an  alkaline  phosphate,  —  phosphatic  slag 
meal.  The  following  mixtures  of  fertilizers  were  used 
(weights  are  stated  in  grams ;  thirty  grams  equal  to  one 
ounce) : — 
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First  Lot,  Nos.  J,  3  and  5. 

Box  1.  Box  3. 

Sulphate  of  potash,       .         .7.68      Sulphate  of  potash,       .        .     7.68 

Dissolved  bone-black,  .        .  24.38      Dissolved  bone-black,  .        .24.38 

Dried  blood,  .        .         .  40 .  22      Philadelphia      tankage     (a 

steamed  leather  refuse),  .  57.16 

Box  5. 

Sulphate  of  potash, 7 .  68 

Dissolved  bone-black, 24.38 

Raw-leather  waste, 56 .  64 

Second  Lot,  Wos.  2,  4  and  6. 

Box  2.  Box  4. 

Sulphate  of  potash,     .         .      7.68      Sulphate  of  potash,     .        .      7 .  68 

Phosphatic  slag  meal,         .     24.38      Phosphatic  slag  meal,         .     24.38 

Dried  blood,        .        .         .40.22      Philadelphia     tankage      (a 

steamed  leather  refuse) ,     57.16 

Box  6. 

Sulphate  of  potash, 7 .  68 

Phosphatic  slag  meal, 24 .  38 

Raw-leather  waste, 56.64 

The  Seed.  — Winter  rye  was  planted  in  all  boxes  Oct.  2, 
1894.  The  young  plants  came  up  uniformly  in  all  boxes 
October  5.  They  reached  a  height  of  from  five  to  six 
inches  before  frost  set  in.  After  being  fully  developed, 
they  were  reduced  in  all  the  boxes  to  a  corresponding 
number,  as  in  the  first  experiment. 

The  watering  of  the  soil  was  partly  by  subirrigation  and 
partly  by  surface  application,  maintaining  as  far  as  practica- 
ble the  moisture  of  the  soil  from  15  to  18  per  cent,  during 
the  growing  season.  The  experiment  was  conducted  with 
a  view  to  expose  the  soil  to  the  unrestricted  influence  of  the 
local  temperature  of  the  various  seasons.  A  layer  of  snow 
served  as  protection  to  the  young  growth  during  severe 
spells  of  frost  in  winter. 

The  manurial  substances  used  consisted  of  high-grade  sul- 
phate of  potash,  dissolved  bone-l)lack,  phosphatic  slag  meal, 
dried  blood,  Philadelphia  tankage  (a  steamed  leather),  and 
ground  sole  leather  waste.      The   amount  of  nitrogen  and 
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potassium  oxide  applied  was  the  same  in  each  case,  while 
the  amount  of  total  phosphoric  acid  applied  in  case  of  the 
phosphatic  slag  meal  was  one-fourth  more  than  in  the  case 
of  the  dissolved  bone-black,  which  is  practically  all  soluble 
in  water. 

Composition  of  the  Manurial  /Substance  used,  with   Reference   to 
Potash,  Phosphoric  Acid  and  Nitrogen  (Per  Cent.). 


Potassium 
Oxide. 


Phosplioric 
Acid. 


Nitrogen. 


Sulphate  of  potash,       .... 
Dissolved  bone-black,  ,        .        . 
Phosphatic  slag  meal,* 

Dried  blood 

Philadelphia  tankage  (steamed  leather), 
Grround  leather  waste 


14.00 
18.40 
4.00 


10.00 

7.80 
7.02 


Calcium  oxide,  48.6  per  cent. 


They  grew  at  a  similar  rate  during  spring  until  the  latter 
part  of  April,  when  those  which  had  received  dried  blood  as 
nitrogen  source  (boxes  1  and  2)  became  more  stalky,  de- 
veloping more  and  broader  leaves  than  the  plants  in  boxes 
3,  4,  5  and  6.  This  difference  in  their  growth  became  more 
marked  as  the  season  advanced. 

The  following  statement  gives  the  average  height  of  the 
plants  at  various  stages  of  observation  (inches)  :  — 


May  1. 

May  9. 

May  20. 

June  1. 

Box  1 

8.0 

21.5 

34.0 

50.0 

Box  3 

7.0 

16.5 

24.0 

32.0 

Box  5, 

6.0 

14.0 

22.5 

30.5 

Box  2 

9.0 

26.0 

38.0 

56.5 

Box  4, 

7.0 

17.5 

25.0 

32.5 

Box  6 

7.0 

17.5 

26.0 

35.0 

The  plants  in  all  boxes  began  blooming  about  the  same 
time,  the  first  week  of  June ;  they  were  harvested  the  first 
week  of  July.     There  was  no  marked  difierence  in  regard 
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to  time  of  maturing.  The  general  character  of  the  matured 
growth  will  be  seen  from  the  subsequent  statement  of  the 
weights  of  the  average  plant  in  each  case  (grams)  :  — 


Box  1. 

Box  3. 

Box  5. 

Box  2. 

Box  4. 

Box  6. 

Moisture,       .... 

8-9 

8-9 

8-9 

8-9 

8-9 

8-9 

Total  plant,   .... 

57.87 

26.02 

28.80 

115.99 

30.27 

36.21 

Kernels,         .... 

12.77 

5.43 

5.80 

28.89 

6.18 

9.75 

Chaff  and  straw,   . 

45.12 

20.69 

23.00 

87.10 

24.09 

26.46 

One  hundred  kernels,  . 

1.58 

1.44 

1.48 

1.79 

1.58 

1.62 

The  plants  were  in  all  cases  cut  two  inches  above  their 
roots.  As  it  was  of  interest  to  know  the  amount  of  nitrogen 
in  the  kernels  of  the  highest  and  lowest  weights,  a  nitrogen 
determination  of  the  kernels  obtained  in  boxes  1  and  3,  and 
2  and  4  was  carried  out.  The  analyses  gave  the  following 
results  :  — 


No.  OF  Box. 

Per  Cent. 
Nitrogen. 

Fertilizing  Elements  Used. 

1, 

3 

2, 

4, 

1.84 
1.91 
2.31 
2.19 

Dried  blood,  dissolved  bone-black. 
Philadelphia  tankage,  dissolved  bone-black. 
Dried  blood,  phosphatic  slag. 
Philadelphia  tankage,  phosphatic  slag. 

Fodder  Analyses  of  Rye  Samples  (Kernels)  as  far  as  Material 
on  Hand  sufficed  for  a  Complete  Analysis.  Samples  groion  in 
Boxes  1,  2,  3  and  4  (Per  Cent.). 


Boxl. 

Box  2. 

Box  3. 

Box  4. 

Moisture 

Dry  matter, 

10.45 
89.55 

9.92 
90.08 

4.87 
95.13 

8.50 
91.50 

100.00 

100.00 

100.00 

100.00 

1899.] 


PUBLIC   DOCUMENT  — No.  31. 


207 


Analysis  of  Dry  Matter. 


Boxl. 

Box  2. 

Box  3. 

Box  4, 

Fat 

2.05 

2.00 

2.12 

1.97 

Protein, 

11.50 

14.44 

11.94 

13.69 

Celluloee 

1.55 

1.65 

1.65 

1.62 

Ashes, 

1.95 

1.52 

2.20 

1.44 

Carbohydrates 

82.95 

80.39 

82.09 

81.28 

100.00 

100.00 

100.00 

100.00 

Judging  from  the  results  obtained  in  connection  with 
the  described  experiment  the  following  conclusions  suggest 
themselves :  — 

Conclusions,  —  The  alkaline  phosphate  (phosphatic  slag 
meal)  has  under  fairly  corresponding  conditions  increased 
the  availability  of  the  nitrogen  contained  in  steamed  leather, 
in  leather  scraps  and  in  dried  blood  in  a  higher  degree  than 
the  acid  phosphate.  The  influence  is  apparent  alike  in  the 
general  character  of  the  entire  plant  and  in  the  composition 
of  the  kernels.  The  difference  in  the  relative  agricultural 
value  of  both  articles  as  nitrogen  sources  remains,  however, 
the  same ;  for  leather  in  any  form,  without  a  previous  de- 
struction of  the  tanning  principle,  tannin,  is  worthless  for 
manurial  purposes. 


5.  Contribution  to  the  Determination  of  the  Avail- 
able Phosphoric  Acid  in  Soils  under  Cultivation. 
The  fact  that  agricultural  chemists  have  thus  far  failed  to 
point  out  any  mode  of  soil  analysis  as  reliable,  by  which 
the  amount  of  phosphoric  acid  available  to  crops  can  be 
ascertained,  is  pretty  generally  recognized.  Attempts  are 
not  wanting  to  solve  this  important  question.  Among  the 
well-known  investigations  in  that  direction  are  those  of  Dr. 
B.  Deyer  (1894).  Results  of  later  years  obtained  in  this 
connection  upon  soils  of  well-known  history  at  Pothamsted 
in  England  are  pronounced  very  encouraging  by  Dr.  Gil- 
bert. The  American  Association  of  Official  Chemists  has 
during  the  past  year  entered  upon  a  systematic  investigation 
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regarding  the  best  course  to  be  adopted  to  determine  the 
available  phosphoric  acid ;  in  this  work  the  writer  has  taken 
some  part.  A  compilation  of  the  contributions  to  these 
more  recent  experiments  is  to  be  published  soon  by  the 
United  States  Department  of  Agriculture. 

Our  local  observations  at  Amherst  are  briefly  described  in 
a  few  subsequent  pages  upon  a  field  which  had  been  under 
careful  observation  for  five  years,  1890-95.  The  following 
brief  abstract  of  the  management  of  the  field  work  shows  the 
condition  of  the  soil  which  served  for  our  investigation :  — 

Field  F. 

The  field  selected  for  this  purpose  is  300  feet  long  and 
137  feet  wide,  running  on  a  level  from  east  to  west.  Pre- 
vious to  1887  it  was  used  as  a  meadow,  which  was  well 
worn  out  at  that  time,  yielding  but  a  scanty  crop  of  Eng- 
lish hay.  During  the  autumn  of  1887  the  sod  was  turned 
under  and  left  in  that  state  over  winter.  It  was  decided  to 
prepare  the  field  for  special  experiments  with  phosphoric 
acid  by  a  systematic  exhaustion  of  its  inherent  resources  of 
plant  food.  For  this  reason  no  manurial  matter  of  any  de- 
scription was  applied  during  the  years  1887,  1888  and  1889. 

The  soil,  a  fair  sandy  loam,  was  carefully  prepared  every 
year  by  ploughing  during  the  fall  and  in  the  spring,  to 
improve  its  mechanical  condition  to  the  full  extent  of  exist- 
ing circumstances.  During  the  same  period  a  crop  was 
raised  every  year.  These  crops  were  selected,  as  far  as 
practicable,  with  a  view  to  exhaust  the  supply  of  phosphoric 
acid  in  particular.  Corn,  Hungarian  grass  and  leguminous 
crops  (cow-pea,  vetch  and  serradella)  followed  each  other 
in  the  order  stated. 

1890.  — The  field  was  subdivided  into  five  plats,  running 
from  east  to  west,  each  twenty-one  feet  wide,  with  a  space 
of  eight  feet  between  adjoining  plats. 

The  manurial  material  applied  to  each  of  these  five  plats 
contained,  in  every  instance,  the  same  form  and  the  same 
quantity  of  potassium  oxide  and  of  nitrogen,  while  the 
phosphoric  acid  was  furnished  in  each  case  in  the  form 
of  a  difi'erent  commercial  phosphoric-acid-containing  article, 
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namely,  phosphatic  slag,  Mona  guano,  Florida  phosphate. 
South  Carolina  phosphate  (floats)  and  dissolved  bone-black. 
The  market  cost  of  each  of  these  articles  controlled  the 
quantity  applied,  for  each  plat  received  the  same  money 
value  in  its  particular  kind  of  phosphate. 


Analyses  of  Phosphates  used. 

[I.,  plioephatic  slag;  H.,  Mona  guano;  III.,  Florida  phosphate;  IV.,  South  Carolina  phos- 
phate; v.,  dissolved  bone-black.] 


Pbb  Cbkt. 


II. 


III. 


IV. 


Moisture,         .        . 
Ash,         .        ,        .        . 
Calcium  oxide, 
Magnesium  oxide,  . 
Ferric  and  aluminic  oxides. 
Total  phosphoric  acid,  . 
Soluble  phosphoric  acid, 
Reverted  phosphoric  acid, 
Insoluble  phosphoric  acid, 
Insoluble  matter,    . 


46.47 
5.05 
14.35 
19.04 


12.52 
75.99 
37.49 


7.55 
14.33 
2.45 


2.53 

89.52 
17.89 

14.25 
21.72 


30.50 


46.76 

5.78 
27.57 

4.27 

23.30 

9.04 


15.96 
61.46 


15.82 
12.65 

2.52 
.65 

6.26 


The  following  fertilizer  mixtures  have  been  applied  an- 
nually to  all  the  plats,  with  the  exception  of  Plat  3,  which 
received  in  1890  ground  apatite  and  in  1891  no  phosphate 
whatever :  — 


Plats. 


Annual  Supply  of  Manurial  Substances.   Pounds. 


Plat  1  (south,  6,494  square  feet). 
Plat  2  (6,565  square  feet) , 
Plat  3  (6,636  square  feet) , 
Plat  4  (6,707  square  feet), 
Plat  5  (6,778  square  feet). 


Ground  phosphatic  slag, 
Kitrate  of  soda. 
Potash-magnesia  sulphate. 

Ground  Mona  guano, 
Nitrate  of  soda. 
Potash-magnesia  sulphate. 

Ground  Florida  phosphate. 
Nitrate  of  soda, 
Potash-magnesia  sulphate. 

South  Carolina  phosphate. 
Nitrate  of  soda. 
Potash-magnesia  sulphate, 

Dissolved  bone-black. 
Nitrate  of  soda. 
Potash-magnesia  sulphate. 


127 
43 
58 

128 
43^ 
59 

129 
44 
59 

131 

44^ 
60 

78 
45 
61 


210  HATCH   EXPERIMENT   STATION.         [Jan. 

The  phosphatic  slag,  Mona  guano,  South  Carolina  phos- 
phate and  Florida  phosphate  were  applied  at  the  rate  of  850 
pounds  per  acre ;  dissolved  bone-black  at  the  rate  of  500 
pounds  per  acre.  Nitrate  of  soda  was  applied  at  the  rate  of 
250  pounds  per  acre  and  potash-magnesia  sulphate  at  the 
rate  of  390  pounds  per  acre. 

Potatoes  were  raised  upon  the  plats  in  1890;  in  1891 
winter  wheat  was  employed  (for  details  see  ninth  annual 
report)  ;  in  1892  serradella  was  the  crop  experimented  with 
(see  tenth  annual  report)  ;  and  in  1893  a  variety  of  Dent 
corn.  Pride  of  the  North  (see  eleventh  annual  report) . 

1894. — During  the  preceding  season  it  was  decided  to 
ascertain  the  after-effect  of  the  phosphoric  acid  applied 
during  previous  years  by  excluding  it  from  the  fertilizer 
applied.  In  addition,  to  secure  the  full  effect  of  the  phos- 
phoric acid  stored  up,  the  potassium  oxide  and  nitrogen 
were  increased  one-half,  as  compared  with  preceding  seasons. 
A  grain  crop  (barley)  calling  for  a  liberal  amount  of  phos- 
phoric acid  was  chosen  for  the  trial.  The  field  was  ploughed 
April  17,  the  fertilizer  being  applied  broadcast  April  20, 
and  harrowed  in.  Below  is  given  a  statement  of  fertilizer 
applied :  — 

Plat  1  (6,494  square  feet), \l^^  P*'^'^^^  %*  °i*/^*f  °^  ^''^^:        ,  ^  , 

iiau  i  i^^^,M£.to4ua,.c  iccv, ^  gy    pouuds  of  potash-magncsia  Sulphate. 

Plat  ■->  re  565  souare  feetl  \  ^^*  POunds  of  nitrate  of  soda. 

riat- (b,abo  square  teet), j  gg    pounds  of  potash-magnesia  sulphate. 

T31  *  o  /a  c"a  c    t.\  (66    pounds  of  nitrate  of  soda. 

Plat  3  (6,6o6  square  feet), |  gg    founds  of  potash-magnesia  sulphate. 

-D1  i  A  fc  rrn-T  t    i\  \  66?  pounds  of  nitrate  of  soda. 

Plat  4  (6,707  square  feet) |  90    pounds  of  potash-magnesia  sulphate. 

Plat  5  (6,778  square  feet) j  67|  pounds  of  nitrate  of  soda. 

iio,.,  I.  v",i  •"  oH"«">= 'cc^y (  90J  pounds  of  potash-magnesia  sulphate. 

Yield  of  Crop  {1894) . 


Plats. 


Grain  and 

Straw 
(Pounds). 


Grain 
(Pounds) . 


Straw  and 

Chaff 
(Pounds). 


Percentage 
of  Grain. 


Percentage 
of  Straw. 


Platl, 
Plat  2, 
Plat  .3, 
Plat  4, 
Plat  5, 


490 
405 
290 
460 
390 


169 
148 
78 
144 
118 


221 
251 
212 
216 

272 


34.49 
34.07 
26.89 
31.30 
30.26 


65.51 
65.93 
73.11 

68.70 
69.74 
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Summary  of  Yield  of  Crop  (1890-94) . 


Plats. 


1890.  1891. 

Potatoes.        Wheat. 


1892. 

Serradella. 


1893. 

Corn. 


1894. 

Barley. 


Plat  1, 
Plat  2, 
Plat  3, 
Plat  4, 
Plat  5, 


1,600 
1,415 
1,500 
1,830 
2,120 


380 
340 
215 
380 

405 


4,070 
3,410 
2,750 
3,110 
2,920 


1,660 
1,381 
1,347 
1,469 
1,322 


490 
405 
290 
460 
390 


PhosplioriG  Acid  applied  to  and  removed  fro7n  Field. 

[Pounds.] 


1890. 

1891. 

1893. 

1893. 

1894. 

a 
o 

H 

a 
g-a 

Ta 

ll 

"cS  <U 

Plats. 

T3 

a 
-a 

■a 
< 

•a 
a 

% 

a 

13 

<1 

i 

> 

o 

s 

1 
•a 

< 

i 
> 

1 

(V 

i 

■a 

< 

> 

o 

a 

i 

•a 

> 
O 

a 

Plat  1,      . 

24.18 

2.56 

24.18 

1.23 

24.18 

8.95 

24.18 

7.20 

_* 

1.92 

96.72 

21.86 

75.86 

Plat  2,      . 

28.01 

2.36 

28.01 

1.19 

28.01 

7.50 

28.01 

6.33 

_* 

1.64 

72.04 

19.02 

53.02 

Plat  3,      . 

109.68 

2.40 

_* 

.69 

28.01 

6.05 

28.01 

5.95 

_* 

.76 

165.70 

15.85 

149.85 

Plat  4,      . 

36.12 

2.93 

36.12 

1.31 

36.12 

6.84 

36.12 

6.68 

_* 

1.72 

144.48 

19.84 

124.64 

Plat  5,      . 

12.34 

3.39 

12.34 

1.22 

12.34 

6.42 

12.34 

6.05 

_* 

1.49 

49.36 

18.57 

30.79 

*  None. 

Conchcsions. 
From  the  previous  statement  of  comparative  yield  we  find 
that  the  plat  receiving  dissolved  bone-black  leads  in  yield 
during  the  first  two  years,  while  for  the  third,  fourth  and 
fifth  years  the  plats  receiving  insoluble  phosphates  are  ahead, 
phosphatic  slag  being  first.  South  Carolina  floats  second  and 
Mona  guano  third. 

Description  of  Modes  of  Analysis  adopted  in  ouk  Investi- 
gations OP  Samples  of  Soil  taken  from  the  Above-men- 
tioned Five  Plats  in  September,  1894,  in  the  Manner 
recommended  by  the  Committee  of  the  American  Asso- 
ciation of  Official  Chemists,  Prof.  Harry  Snyder  op 
Minnesota,  Chairman. 

I.  —  Total  Phosphoric  Acid. 
Ten  grams  of  soil  are  digested  with   100   c.c.    of  pure 
hydrochloric  acid,  of  specific  gravity  1.115,  for  ten  con- 
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secutive  hours  iu  a  boiling-water  bath,  shaking  once  each 
hour.  The  stopper  of  the  flask  should  carry  a  condensing 
tube,  to  prevent  evaporation.  The  material  is  filtered,  and 
the  residue  is  washed  with  distilled  water  until  free  of  acid. 
The  organic  matter  in  filtrate  is  oxidized  with  nitric  acid 
and  evaporated  to  dryness  on  the  water  bath,  finishing  on 
sand  bath  to  complete  dryness.  The  material  when  cool 
is  taken  up  with  hot  water  and  a  few  cubic  centimeters  of 
hydrochloric  acid,  and  again  evaporated  to  complete  dryness. 
It  is  taken  up  as  before,  filtered  and  washed  thoroughly  with 
cold  water,  cooled  and  made  up  to  500  c.c. 

//.  —  Directions  of  the  Association  of  Official  Agricultural  Chemists 
for  the  Determination  of  Available  Phosphoric  Acid  in  iSoils, 
Fifth  Normal  Hydrochloric  Acid  being  used  as  the  Solvent. 

1.  Determination  of  Moisture.  — Use  the  official  method 
described  in  Bulletin  46,  page  48,  Division  of  Chemistry, 
United  States  Department  of  Agriculture.  Calculate  all 
results  to  the  water  free  basis. 

2.  Determination  of  Phosphoric  Acid  Soluble  in  Fifth 
Normal  Hydrochloric  Acid.  —  (a)  Preliminary  treatment : 
Digest  20  grams  of  soil  with  200  c.c.  of  fifth  normal  hydro- 
chloric acid  at  40°  C.  for  five  hours.  Titrate  20  c.c.  of  the 
clear  filtrate  against  a  standard  caustic  soda  solution,  using 
phenolphthaline  for  the  indicator.  From  this  data  calculate 
the  amount  of  hydrochloric  acid  necessary  to  be  added,  so 
that  the  solution  will  be  fifth  normal  after  allowing  for  the 
acid  neutralized.  (6)  The  determination  :  Weigh  out  50  to 
100  grams  of  soil  into  an  Erlenmeyer  flask,  and  add  10  c.c. 
of  acid,  corrected  for  neutralization  as  directed  under  (a) 
for  every  gram  of  soil  used.  The  flask  is  corked  with  a 
rubber  stopper,  which  carries  a  thermometer.  The  flask  is 
then  placed  in  a  water  bath  previously  heated  to  40°  C, 
and  the  contents  of  the  flask  are  thoroughly  shaken  every 
half  hour  during  the  digestion.  The  solution  is  then  filtered 
through  a  ribbed  filter  of  two  thicknesses  of  paper,  refilter- 
ing  the  first  portion,  if  cloudy.  The  filter  should  be  large 
enough  to  receive  the  entire  contents  of  the  flask.  Before 
filtering  the  contents,  the  flask  should  be  well  shaken.     Four 
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hundred  to  600  c.c.  of  the  filtrate  (at  20°  C.)  are  evaporated 
to  dryness  after  adding  1  to  3  c.c.  of  nitric  acid.  If  there 
is  any  appreciable  amount  of  organic  matter  present,  the 
residue  is  to  be  carefully  charred.  Moisten  the  residue 
with  hydrochloric  acid  and  add  50  to  100  c.c.  of  distilled 
water,  and  then  digest.  Filter,  neutralize  with  ammonia, 
add  5  c.c.  of  strong  nitric  acid  and  15  grams  of  nitrate  of 
ammonia  in  solution.  Complete  the  determination  accord- 
ing to  one  of  the  official  methods  given  for  the  determination 
of  phosphoric  acid,  or  use  the  Goss  method  as  given  in  Cir- 
cular No.  4  to  accompany  Bulletin  No.  46. 

III.  —  Determination  of  the  Ai^ailahle  Pliosplioric  Acid  in  Soils  hy 
Means  of  a  One  Per  Cent.  Solution  of  Citric  Acid  (Dr.  B. 
Deyer) . 

Prelhninary  Treatment.  —  Twenty  grams  of  soil  are  di- 
gested with  200  c.c.  of  a  one  per  cent,  citric  acid  solution 
for  five  hours,  at  ordinary  temperature  (18°  to  21°  C). 
The  material  is  filtered  and  solution  is  titrated  against  a 
standard  alkali  solution,  to  determine  the  amount  of  acid 
neutralized  by  alkalies  in  the  soil.  For  the  estimation  of 
the  "available"  potash  and  phosphoric  acid,  one  per  cent, 
citric  acid  solution  has  been  employed,  digesting  100  grams 
of  air-dried  soil  with  500  c.c.  of  the  solvent,  as  directed  in 
the  preliminary  test,  corrected  for  neutralization,  for  five 
hours  at  room  temperature.  The  filtered  solution  is  evapo- 
rated to  dryness,  charred,  and  the  residue  abstracted  with 
dilute  hydrochloric  acid  and  water.  The  filtrate  from  this 
operation  is  treated  for  the  determination  of  phosphoric  acid 
as  directed  in  one  of  the  official  methods. 

IV.  —  Determination  of  the  Available  Phosphoric  Acid  in  Soils  by 

Means  of  a  Neutral  Solution  of  Citrate  of  Ammonia. 

Ten  grams  of  the  soil  are  digested  for  one-half  hour,  at 
65°  C,  with  500  c.c.  of  strictly  neutral  solution  of  citrate 
of  ammonia,  specific  gravity  1.09.  The  flask  carries  a 
rubber  stopper,  and  is  thoroughly  agitated  every  five  min- 
utes. At  the  expiration  of  thirty  minutes,  remove  flask 
from  bath  and  filter  as  rapidly  as  possible.  Wash  thor- 
oughly with  water  at  65°   C.     Evaporate  the  solution  to 
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dryness,  char,  and  abstract  with  dilute  nitric  acid.  Filter 
and  wash  thoroughly  with  water.  Burn  the  residue  to  a 
white  ash,  add  it  to  the  solution  and  bring  to  complete 
dryness  on  sand  bath.  Take  up  with  hot  water  and  a  few 
cubic  centimeters  of  nitric  acid.  Digest  for  one-half  hour. 
Filter  and  wash  thoroughly,  and  determine  phosphoric  acid 
in  the  solution  in  the  usual  way. 

Results  of  Analyses  of  Soils  for  Available  Phosphoric  Acid,  by 
Methods  previously  described  (Soil  from  Fields  of  Massa,chusetts 
Agricultural  College  Farm) . 


No.  OF  Samples. 

Moisture. 

Total 

Phosphoric 

Acid. 

Available  Phos- 
phoric Acid  by 
1  Hydrochloric 
Acid. 

Available  Phos- 
phoric Acid  by 

1  Per  Cent. 

Citric  Acid, 

Available  Phos- 
phoric Acid 
by  Neutral 

Citrate  of  Am- 
moDia. 

1,  .       .        . 

2,  .        .        . 

3,  .        .        . 

4,  .        .        . 

5,  .        .        . 

.77 

.87 

.95 

1.07 

1.02 

.255 
.290 
.210 
.220 
.180 

.0285 
.0338 
.0407 
.0330 
.0345 

.01325 
.01650 
.01420 
.01920 
.01430 

.0735 
.0945 
.0865 
.0925 
.1070 

Analysts :  Henri  T>.  Haskins. 

Charles  I.  Goessmann. 

Conclusion. 
The  several  modes  used  by  us  in  determining  the  amount 
of  available  phosphoric  acid  contained  in  the  soil  under  ex- 
amination have  given  diii'erent  results.  The  difference  in 
the  amount  of  available  phosphoric  acid  found  by  any  of  the 
modes  of  analysis  employed  does  not  correspond  with  the 
actual  yield  of  the  several  plats  in  the  field.  The  results 
of  our  investigation  are  more  of  a  suggestive  than  decisive 
character.  The  work  will  be  continued  as  far  as  resources 
on  hand  will  permit. 


6.       Analysis    of    Drainage    Watees    obtained    from 

Field   A   of    the   Hatch  Experiment  Station. 

The  field  under  discussion  has  been  from   1883  to  date 

treated  in  a  systematic  way  with  commercial  fertilizers,  in 

the  manner  briefly  described  in  the  following  pages.     The 
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field  consisted  of  eleven  plats,  one-tenth  of  an  acre  each, 
with  a  space  of  from  five  to  six  feet  between  the  adjoining 
plats.  This  space  was  cultivated  in  connection  with  the 
planted  plats,  yet  received  no  fertilizing  material  of  any  de- 
scription, nor  were  they  seeded  down  at  any  time  during 
the  experiment.  Each  plat  was  provided  in  the  centre  with 
a  tile  drain  running  at  a  depth  of  from  three  and  a  half 
to  four  feet  through  the  entire  length,  which  terminated  in 
an  open  well,  to  allow  the  collection  of  the  drainage  water 
for  examination  whenever  desired,  to  study  the  character  of 
the  soil  constituents  carried  ofi".  The  entire  field  of  eleven 
separate  plats  were  surrounded  by  a  tile  drain  with  an  in- 
dependent outlet,  to  prevent  an  access  of  drainage  waters 
from  adjoining  fields.  A  marked  gradual  decline  in  the 
yield  of  several  plats,  in  spite  of  a  uniform  liberal  supply 
of  the  fertilizer  used  during  the  earlier  years  of  the  experi- 
ment, rendered  an  examination  into  the  cause  or  causes  of 
the  reduction  in  the  annual  yield  desirable. 

As  an  examination  of  the  drainage  waters  coming  from  the 
difi'erent  plats  promised  to  throw  some  light  on  the  action  of 
the  several  mixtures  of  fertilizers  used  on  the  soil  resources 
of  the  field  employed  in  the  observation,  it  was  decided  to 
subject  them  to  a  careful  chemical  analysis.  The  samples 
used  for  these  analyses  were  collected  in  all  cases  as  far  as 
practicable  soon  after  each  tile  drain  began  to  discharge 
drainage  water.  As  the  temporary  flow  of  the  drains  in  the 
difi'erent  plats  difiered  widely  in  quantity,  no  attempt  was 
made  to  ascertain  in  each  case  the  exact  amount  discharged 
in  a  given  time.  The  examination  was  instituted  for  the 
purpose  of  ascertaining  the  general  character  of  the  dis- 
charge of  the  drains,  and  to  determine  the  relative  pro- 
jportion  of  various  soil  constituents  they  contained.  The 
results  of  this  investigation  are  stated  farther  on,  after  a 
brief  description  of  the  general  management  of  the  field, 
as  well  as  a  detailed  statement  of  the  fertilizers  used. 
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Amount  of  Fertilizing  Ingredients  used  annually  per  Acre. 

r  Nitrogen,        ....        45  pounds. 

Plats  0,  1,  2,  3,  5,  6,  8,  10,    {  Phosphoric  acid,     ...        80  pounds. 

I  Potassium  oxide,   .        .        .       125  pounds. 

/■Nitrogen,  .  none; 

Plats  4,  7,  9,     .        .        .   ■{  Phosphoric  acid,    ...        80  pounds. 

I  Potassium  oxide,   .        .        .       125  pounds. 

One  plat,  marked  0,  received  its  main  supply  of  phos- 
phoric acid,  potassium  oxide  and  nitrogen  in  form  of  barn- 
yard manure  ;  the  latter  was  carefully  analyzed  before  being 
applied,  to  determine  the  amount  required  to  secure,  as  far 
as  practicable,  the  desired  corresponding  proportion  of  the 
three  essential  fertilizing  constituents.  The  deficiency  in 
potassium  oxide  and  phosphoric  acid  was  supplied  by 
potash-magnesia  sulphate  and  dissolved  bone-black.  The 
fertilizer  for  this  plat  consisted  of  800  pounds  of  barn-yard 
manure,  32  pounds  of  potash-magnesia  sulphate  and  18 
pounds  of  dissolved  bone-black. 

The  mechanical  preparation  of  the  soil,  the  incorporation 
of  the  manurial  substances, — the  general  character  of  the 
latter  being  the  same, — the  seeding,  cultivating  and  har- 
vesting were  carried  on  year  after  year  in  a  like  manner 
and  as  far  as  practicable  on  the  same  day  in  case  of  every 
plat  during  the  same  year. 

The  subsequent  tabular  statement  shows  the  annual  appli- 
cation and  special  distribution  of  the  manurial  substances 
with  reference  to  each  plat  since  1889.  The  fertilizers  were 
in  every  case  applied  broadcast  as  early  in  the  spring  as 
circumstances  permitted.  They  were  well  harrowed  under 
before  the  seed  was  planted  in  rows  by  a  seed  drill. 


Plats 
(One-tenth  Acre) . 


Annual  Supply  of  Manurial  Substances. 


Plat   0, 
Plat   1, 


800  lbs.  of  barn-yard  manure,  32  lbs.  of  potash-magnesia  sulphate  and  IS 
lbs.  of  dissolved  bone-black. 

29  lbs.  sodium  nitrate  (=  4  to  5  lbs.  nitrogen),  25  lbs.  muriate  of  potash 
(=12  to  la  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone-black 
(=8.5  lbs.  available  phosphoric  acid). 
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Plats 
(One-tenth  Acre). 


Annual  Supply  of  Manurial  Substances. 


Plat  2, 

Plat  3, 

Plat  4, 

Plat  5, 

Plat  6, 

Plat  7, 

Plat  8, 

Plat  9, 
Plat  10, 


29  lbs.  sodium  nitrate  (=4  to  5  lbs.  nitrogen),  48.5  lbs.  potash-magnesia 
sulphate  (=12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone- 
black  (^8.5  lbs.  available  phosphoric  acid). 

43  lbs.  dried  blood  (=5  to  6  lbs.  nitrogen),  25  lbs.  muriate  of  potash 
(=12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone-black 
(=  8 . 5  lbs .  phosphoric  acid) . 

25  lbs.  muriate  of  potash  (=12  to  13  lbs.  potassium  oxide)  and  50  lbs. 
dissolved  bone-black  (=8.5  lbs.  available  phosphoric  acid). 

22.5  lbs.  ammonium  sulphate  (=4  to  5  lbs.  nitrogen)  48.5  lbs.  potash- 
magnesia  sulphate  (=12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dis- 
solved bone-black  (:=8.5  lbs.  available  phosphoric  acid). 

22.5  lbs.  ammonium  sulphate  (^4  to  5  lbs.  nitrogen),  25  lbs.  muriate  of 
potash  (=12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone- 
black  (=8.5  lbs.  available  phosphoric  acid). 

25  lbs.  muriate  of  potash  (=12  to  13  lbs.  potassium  oxide)  and  50  lbs. 
dissolved  bone-black  (=8.5  lbs.  available  phosphoric  acid). 

22.5  lbs.  ammonium  sulphate  (^4  to  5  lbs.  nitrogen),  25  lbs.  muriate  of 
potash  (=  12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone- 
black  (=:8.5  lbs.  available  phosphoric  acid). 

25  lbs.  muriate  of  potash  (^12  to  13  lbs.  potassium  oxide)  and  50  lbs. 
dissolved  bone-black  (:=8.51bs.  available  phosphoric  acid). 

43  lbs.  dried  blood  (=  5  to  6  lbs.  nitrogen),  48.5  lbs.  potash-magnesia 
sulphate  (=12  to  13  lbs.  potassium  oxide),  and  50  lbs.  dissolved  bone- 
black  (=8.5  lbs.  available  phosphoric  acid). 


The  above-described  course  of  the  o^eneral  manaofement 
of  the  experiment  has  been  followed  thus  far  for  five  con- 
secutive years  (1889-93,  inclusive). 

Kind  of  Crops  Raised. 

Com  (maize), in  1889. 

Oats, in  1890. 

Rye, in  1891. 

Soy  bean, ^    .        .in  1892. 

Oats; in  1893. 


Amount  of  Fertilizing  Ingredients  cqjplied  per  Acre  during  1894. 

/'Nitrogen, 
Plats  0,  1,  2,  3,  5,  6,  8,  10,   {  Phosphoric  acid, 
I  Potassium  oxide, 


Plats  4,  7,  9, 


f  Nitrogen, 
{  Phosphoric  acid, 
I  Potassium  oxide, 


45  pounds. 
160  pounds. 
250  pounds. 

none. 
160  pounds. 
250  pounds. 
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Plats 
(One-tenth  Acre) 


Manurial  Substances  Applied. 


Plat  0, 

Plat  1, 

Plat  2, 

Plat  3, 

Plat  4, 

Plat  5, 

Plat  6, 

Plat  7, 

Plat  8, 

Plat  9, 
Plat  10, 


800  lbs.  barn-yard  manure,  i 
dissolved  bone-black. 


J.J  lbs.  potash-magnesia  sulphate  and  77  lbs. 


29  lbs.  sodium  nitrate  (=4  to  5  lbs.  nitrogen),  54  lbs.  muriate  of  potash 
(=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bone-black 
(:=16  to  17  lbs.  phosphoric  acid). 

29  lbs.  nitrate  of  soda  (=:4to  5  lbs.  nitrogen),  97  lbs.  potash-magnesia 
sulphate  (^25  to  26  lbs.  potassium  oxide),  and  114 lbs.  dissolved  bone- 
black  (^16  to  17  lbs.  phosphoric  acid). 

43  lbs.  dried  blood  (=5  to  6  lbs.  nitrogen),  54  lbs.  muriate  of  potash 
(=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bone-black 
1=  16  to  17  lbs.  phosphoric  acid). 

54  lbs.  muriate  of  potash  (=25  to  26  lbs.  potassium  oxide),  and  114  lbs. 
dissolvedjbone-black  (=16  to  17  lbs.  phosphoric  acid). 

221 1^8.  ammonium  sulphate  (:=4  to  5  lbs.  nitrogen),  97  lbs.  potash-mag- 
nesia sulphate  (:=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved 
bone-black  (=16  to  17  lbs.  phosphoric  acid). 

22|  lbs.  ammonium  sulphate  (=4  to  5  lbs.  nitrogen),  54  lbs.  muriate  of 
potash  (=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bone- 
black  (=:16  to  17  lbs.  phosphoric  acid). 

54  lbs.  muriate  of  potash  (=25  to  26  lbs.  potassium  oxide),  and  114  lbs. 
dissolved  bone-black  (=16  to  17  lbs.  phosphoric  acid). 

22 J  lbs.  ammonium  sulphate  (;=4  to  5  lbs.  nitrogen),  54  lbs.  muriate  of 
potash  (=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved  bone- 
black  (=16  to  17  lbs.  phosphoric  acid). 

54  lbs.  muriate  of  potash  (=25  to  26  lbs.  potassium  oxide),  and  111  lbs. 
dissolved  bone  black  (=16  to  17  lbs.  phosphoric  acid). 

43  lbs.  dried  blood  (=4  to  5  lbs.  nitrogen),  97  lbs.  sulphate  of  potash- 
magnesia  (=25  to  26  lbs.  potassium  oxide),  and  114  lbs.  dissolved 
bone-black  (=  16  to  17  lbs.  phosphoric  acid). 
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Without  any  intention  to  discuss  here  in  detail  the  causes 
of  the  variations  noticed  in  the  composition  of  the  sahne  resi- 
dues left  when  evaporating  a  definite  amount  of  the  drainage 
water  collected  from  the  various  plats,  it  remains  of  especial 
interest  to  call  attention  to  the  fact  that  wherever  muriate  of 
potash  had  been  used  as  a  potash  source  of  plant  food  excep- 
tional quantities  of  the  chlorides  of  calcium  and  magnesium 
proved  to  be  present  (plats  1,  3,  4,  6,  7,  8  and  9).  The 
belief  that  a  liberal  use  of  muriate  of  potash  had  resulted  in 
wasting  in  an  exceptional  degree  in  particular  the  lime  re- 
sources of  the  soil,  and  thereby  reducing  the  yield  of  the 
crops,  has  since  been  confirmed.  The  annual  yield  of  the 
crops  has  been  restored  to  its  former  satisfactory  condition, 
after  a  liberal  addition  of  air-slaked  lime  to  the  manures  used 
for  years  upon  the  field  in  question. 
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EEPOET   OF    THE    BOTAOTSTS. 


GEOEGE  E.  STONE,  RALPH  E.  SMITH. 


Scope  of  Work. 
Pathogenic  Fungi. 

Diseases  of  the  Walnut,  Maple,  Oak,  Peach,  Plum, 
Cherry,    Melon,    Cabbage,    Lettuce,   Chrysanthe- 
mum and  Pansy. 
Physiological  Disorders. 

Seasonal  Peculiarities  of  Certain  Shade  Trees. 
Over-feeding  of  Plants. 
Bronzing  of  Roses. 
Cucumber  Wilt. 

Some  Difficulties  which  City  Shade  Trees  have  to 
contend  with. 

Scope  of  Work. 

This  division  has  during  the  past  year  made  special  effort 
to  come  into  direct  contact  with  a  large  number  of  market 
gardeners  and  greenhouse  growers  ;  and,  largely  as  a  result 
of  this  more  direct  contact  and  the  numerous  visits  made 
to  their  establishments,  our  correspondence  has  during  the 
past  year  doubled  that  of  any  other  year,  and  has  covered 
a  multitude  of  subjects  relating  to  botany. 

We  have  paid  some  attention  this  summer  to  the  asparagus 
rust,  which  caused  so  much  damage  in  this  State  in  1897. 
A  study  of  the  conditions  which  caused  the  mst  has  been 
made  at  various  places  throughout  the  State,  and  spraying 
experiments  have  been  carried  on  in  co-operation  with  dif- 
ferent asparagus  growers. 

The  results  of  the  study  of  nematode  worms  in  green- 
houses, which  has  received  a  great  deal  of  attention  by 
this  division  for  over  three  years,  Imve  been  published  in 
Bulletin    No.    55,  which  can  be  had  on  application.     This 
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bulletin,  containing  67  pages  and  14  plates,  gives  a  full 
account  of  the  parasitic  species  of  nematode,  its  life  history 
and  development,  together  with  the  results  of  an  extensive 
series  of  experiments  on  the  methods  of  controlling  the 
pest.  In  these  investigations  the  worthlessness  of  many 
supposed  remedies  has  been  brought  out,  and  a  practical 
method  of  treatment  developed  by  which  the  trouble  can  be 
successfully  and  economically  avoided.  From  a  consider- 
able amount  of  data  accumulated  during  the  last  three  years 
it  appears  that  the  loss  experienced  by  cucumber  growers 
who  have  been  troubled  with  nematodes  in  the  greenhouse 
equals  25  to  85  per  cent,  of  the  marketable  crop ;  and  it  is 
hoped,  from  the  positive  results  obtained,  that  little  trouble 
may  be  experienced  hereafter  with  this  pest.  There  are  still, 
however,  some  further  experiments  being  made  upon  nema- 
tode-control  methods,  in  co-operation  with  large  greenhouse 
growers,  along  lines  which  promise  cheaper  and  efficient 
results. 

The  principal  investigations  with  which  this  division  is 
concerned  at  present  are  largely  in  connection  with  market- 
garden  crops  such  as  are  cultivated  in  greenhouses.  The 
division  is  supplied  with  greenhouses  excellently  arranged 
for  experimental  purposes,  and  containing  space  enough  to 
carry  on  investigations  from  which  reliable  deductions  can 
be  drawn.  The  more  important  greenhouse  crops  grown 
in  our  greenhouses  for  experimental  purposes  are  those  rep- 
resenting considerable  importance  in  this  State,  namely, 
lettuce,  cucumbers  and  tomatoes ;  and  it  may  be  justly  said 
that  there  is  no  class  of  agricultural  pursuits  which  is  repre- 
sented by  men  of  greater  intelligence,  skill  and  knowledge. 

A  brief  outline  of  some  of  the  investigations  may  not  be 
out  of  place  :  — 

(a)  Experiments  on  the  control  of  the  "  drop  "  in  lettuce, 
and  a  study  of  the  little  known  habits  of  the  fungus  causing 
the  same.  A  lettuce  house,  40  by  12  feet,  is  devoted  to 
these  experiments. 

(b)  Observations  on  the  "top-burn"  in  lettuce. 

(c)  Experiments  on  the  mechanical  conditions  of  the  soil, 
as  afiecting  the  growth  of  lettuce. 


224  HATCH   EXPERIMENT   STATION.         [Jan. 

(d)  Sub-irrigation,  as  aflfecting  lettuce  diseases. 

(e)  Experiments  on  the  pruning  of  cucumbers,  in  rela- 
tion to  the  maturity  and  production  of  fruit ;  also,  observa- 
tions on  the  various  fungous  diseases  of  the  cucumber,  and 
the  conditions  which  favor  them. 

(/')  Experiments  on  the  pruning  of  tomatoes,  in  rela- 
tion to  the  production  and  maturity  of  fruit ;  a  study  of  the 
fungous  diseases  of  the  tomato. 

((/)  Experiments  on  the  growth  of  violets  in  sterilized 
soil  and  uematode-infested  earth,  with  special  reference  to 
the  relationship  existing  between  the  size,  maturity  and  pro- 
duction of  flowers  in  the  plants,  and  abundance  of  leaf  spots. 

(Ji)  Experiments  with  gases  and  chemical  solutions  for 
disinfecting  greenhouses  and  repression  of  fungi. 

(i)  Further  experiments  on  the  relationship  existing  be- 
tween electricity  and  plant  growth. 

There  are  a  host  of  fungous  diseases  common  to  our  out-of- 
door  plants,  some  of  which  have  received  special  attention, 
such,  for  example,  as  the  asparagus  rust,  aster  disease,  etc.  ; 
but  the  practice  of  spraying  fruit  trees  and  garden  crops  has 
for  many  years  been  largely  carried  out  by  the  horticultural 
division,  which  is  well  equipped  with  all  of  the  modern  spray- 
ing appliances. 

A  few  years  ago  it  was  generally  believed  by  the  majority 
of  people  that  botany  was  incapable  of  being  made  of  any 
practical  use,  and  it  is  doing  no  injustice  to  truth  to  state 
that  it  did  possess  little  at  that  time.  To-day,  however,  this 
state  of  afiairs  has  entirely  changed,  and  botany,  like  chem- 
istry and  other  allied  sciences,  has  taken  its  place  in  the  in- 
dustrial arts,  — a  fact  which  is  due  to  the  advance  of  science 
in  general,  but  more  especially  to  the  inherent  genius  char- 
acteristic of  the  American  investigator,  which  naturally  em- 
phasizes the  utilitarian  aspect  of  science.  The  annual  loss 
in  the  United  States  to  ao'ricultural,  horticultural  and  flori- 
cultural  products  caused  by  pathogenic  fungi  and  their  allies 
will  probably  equal  $10,000,000.  It  is,  therefore,  not  only 
important,  but  perfectly  legitimate,  that  the  principal  work 
of  Ijotanists  in  our  numerous  experiment  stations  should 
consist  in  studying  the  life  history  of  these  organisms  with 
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a  view  to  their  repression.  In  regard  to  the  industrial  side 
of  botany,  it  should  not  be  forgotten  that  it  owes  a  great 
deal  to  the  patient  investigations  of  the  many  scientific 
workers  of  the  past,  who  have  devoted  their  attention  to 
matters  of  purely  scientific  interest ;  and  our  stations  would 
not  be  where  they  are  to-day  were  it  not  for  the  labors  of 
these  men. 

In  connection  with  the  characteristic  utilitarian  features 
of  the  present  American  botanists,  it  may  be  of  some  inter- 
est to  observe  the  difierences  existing  between  European 
and  American  methods  of  combating  pests.  Some  of  the 
most  efi'ective  spraying  solutions  were  discovered  in  Europe, 
but  the  methods  of  applying  them  and  the  results  obtained 
by  their  use  to  our  crops  far  exceed  anything  ever  accom- 
plished there.  To  one  who  has  paid  any  attention  to  the 
manner  of  growing  plants  in  Europe  and  the  methods  which 
are  pursued  in  the  control  of  plant  diseases,  it  would  seem 
no  exaggeration  to  state  that  more  is  accomplished  in  this 
direction  in  the  United  States  in  one  year  than  in  Europe  in 
five  years. 

The  past  season  has  been  what  might  be  termed  a  normal 
one,  although,  as  in  every  season,  some  fungi  were  espe- 
cially predominant.  There  are,  however,  every  year  types 
of  fungous  diseases  which  affect  our  shade  trees. 

Pathogenic  Fungi. 

The  fungous  diseases  which  have  been  specially  common 
upon  our  shade  trees  this  last  season  are  as  follows :  — 

Black  Spot  of  the  Maple  (Mhytisma  acerinum,  (P) ,  J^7\ ) . 

This  fungus  is  characterized  by  elevated  black  spots  or 
blotches  upon  the  surface  of  the  leaf,  and,  while  it  is  not  un- 
common to  a  few  maples,  it  has  been  especially  abundant  on 
the  silver  maple. 
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Oak   Leaf  Blight   (^Gloeosporium   nervisequum,    (^FcJd.^^ 

Sacc). 

A  fungus  apparently  identical  with  that  which  causes  the 
blight  of  the  sycamore  is  sometimes  found  upon  the  white 
oak.  This  produces  large  dead  blotches  upon  affected  leaves, 
and  causes  great  disfiguration  of  white  oak  trees. 

Walnut  Leaf  Blight  (^Gloeosporium  Juglandis,    {Lib.), 

Mont.). 

This  disease  was  mentioned  in  our  last  report  as  having 
been  especially  abundant  during  1897.  It  has  also  occurred 
this  year,  but  to  a  much  less  extent. 

These  diseases  are  briefly  mentioned  because  complaint 
has  been  frequent  during  the  past  summer  in  regard  to  them, 
largely,  however,  from  people  who  possess  shade  trees  which 
they  value.  From  what  we  know  in  regard  to  the  treatment 
of  similar  fungi  occurring  on  other  plants,  it  would  seem 
that  spraying  might  hold  some  of  these  in  check ;  and  the 
only  reply  which  can  be  made  is.  Are  the  trees  valuable 
enough  to  receive  treatment?  Some  of  these  fungi  attack 
large  groves,  and  the  expense  of  spraying  would  amount  to 
considerable.  As  a  rule,  these  fungi  only  make  their  ap- 
pearance at  intervals,  and  do  not  injure  the  trees  to  any 
great  extent.  In  consideration  of  this  fact,  it  appears  ques- 
tionable to  us  whether  they  are  worth  the  trouble ;  but, 
should  spraying  be  deemed  necessary,  it  would  have  to  be 
done  early  and  continued  each  year. 

The  disease  of  the  peach  known  as  the  ' '  leaf  curl " 
(Lxoascus  deformans,  Fckl.)  has  been  unusually  abundant 
during  the  past  season.  This  disease  is  well  known  to  most 
peach  growers,  causing  the  leaves  to  become  wrinkled  and 
curled  and  greatly  deformed,  finally  resulting  in  their  falling 
to  the  ground.  It  is  not  ordinarily  regarded  as  an  especially 
destructive  disease,  and  does  not  often  cause  any  appreciable 
damage  to  the  tree ;  but,  when  so  abundant  as  to  cause  a 
large  proportion  of  the  leaves  to  fall,  it  cannot  but  injure 
the  tree  to  some  extent. 
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Anottier  disease  of  the  stone  fruits,  the  so-called  "plum 
pockets"  (^Exoascus  Pruni,  FckL),  which  causes  young 
plants  to  become  swollen  and  distorted  in  a  peculiar  manner, 
has  been  received  several  times  this  year.  Besides  the  plum 
(^Prunus  domestica) ,  the  wild  cherry  (^Prunus  Virginiana) 
is  also  aifected  by  the  same  fungus.  The  disease  is  not  often 
very  abundant,  but  occasionally  causes  a  considerable  diminu- 
tion of  the  crop. 

For  methods  of  controlling  the  various  diseases  of  the 
peach,  plum  and  cherry,  consult  the  spraying  bulletin  annu- 
ally issued  by  the  horticultural  division  of  this  station. 

A  MusTc-melon  Disease. 

During  the  latter  part  of  August  our  attention  was  called 
to  a  field  of  musk-melons,  in  which  a  destructive  disease  of 
the  leaves  had  appeared  and  seemed  to  be  rapidly  increasing. 
The  owner  informed  us  that  he  had  lost  his  entire  crop  the 
year  before  in  the  same  way.  It  was  evident  that  the  trouble 
began  in  the  centre  of  the  hills.  Here  the  leaves  at  the  time 
of  our  first  visit  had  in  many  hills  wilted  and  begun  to  turn 
yellow  and  partially  died.  They  were  covered  with  yellow 
spots,  or,  in  the  worst  cases,  wdth  dead  areas  of  considerable 
size.  At  this  time  the  general  appearance  of  the  field  was 
good,  the  only  very  noticeably  affected  places  being  these 
centres  of  some  of  the  hills.  Still,  it  could  be  seen  on  closer 
examination  that  scarcely  a  leaf  in  the  whole  field  was  entirely 
healthy.  On  almost  every  one  there  were  small  yellow 
spots,  more  or  less  abundant,  some  were  slightly  wilted,  and 
it  was  evident  enough  that  the  disease  was  spreading  in  each 
hill  from  the  centre  outward.  The  dead  areas  on  the  most 
affected  leaves  were  dry  and  brittle,  marked  with  slight  con- 
centric rings,  and  a  dark,  mould-like  growth  could  be  seen 
upon  them.  Examined  with  the  microscope,  this  proved  to 
be  a  fungus,  and  a  species  of  AUernaria.  It  grew  abun- 
dantly in  the  tissue  of  the  leaf  as  well  as  upon  the  surface, 
where  the  dark-brown,  club-shaped  spores  were  produced. 
No  other  fungus  or  other  organism  could  be  found  on  the 
affected  leaves,  and  there  seemed  but  little  doubt  that  this 
was  the  direct  cause  of  the  trouble.     Fui-thermore,  Dr.  W. 
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C.  Sturgis,*  who  describes  what  is  evidently  the  same  disease 
in  Connecticut,  has  succeeded  in  producing  it  by  inoculating 
sound  leaves  with  the  fungus,  thus  leaving  no  doubt  that 
the  AlternaiHa  is  the  cause  of  -the  trouble.  This  fungus  is  a 
mould-like  growth,  consisting  of  a  mass  of  fine  filaments 
which  grow  upon  and  in  the  leaf,  consuming  its  substance 
and  vitality.  It  reproduces  itself  by  the  above-mentioned 
spores,  which  are  blown  by  the  wind  from  the  surface  of  the 
affected  leaves  to  fresh  ones,  and  there  germinate  and  produce 
the  disease.  It  is  not  entirely  clear  why  the  leaves  near  the 
centre  of  the  hill  should  be  the  first  to  show  the  disease, 
unless,  perhaps,  it  is  because  they  are  the  oldest  leaves,  and 
thus  are  growing  less  vigorously  than  the  outer  ones,  and 
less  able  to  resist  the  attacks  of  such  a  fungus.  It  should 
not  be  supposed  that  the  disease  spreads  outward  to  the 
other  leaves  through  the  plant  itself,  as  the  nature  of  the 
fungus  shows  that  this  is  not  the  case,  but  that  it  spreads 
entirely  by  means  of  the  spores  which  are  carried  through 
the  air. 

As  the  disease  was  so  far  advanced  when  we  first  saw  it,  it 
was  pretty  evident  that  no  treatment  would  be  of  much  avail 
in  checking  it.  A  portion  of  the  field  was  sprayed  with 
Bordeaux  mixture,  but  the  weather  continued,  as  it  had  been 
for  some  time  previous,  very  rainy,  and  before  a  second 
sprajdng  could  be  made  almost  every  leaf  in  the  field  was 
dead  and  withered.  Some  of  the  melons  had  reached 
sufficient  size  to  mature,  but  nothing  like  a  full  crop  was  ob- 
tained. The  same  disease  was  met  with  in  one  other  locality 
during  the  season,  and  no  doubt  occurred  in  various  parts 
of  the  State,  though  melon-raising  is  not  much  practised 
here.  There  is  no  apparent  reason  why  this  disease  should 
not  be  as  successfully  treated  by  spraying  with  Bordeaux 
mixture  as  are  many  sihiiliar  ones  which  are  largely  pre- 
vented by  this  means.  Experiments  will  be  made  another 
season  hy  spraying  at  the  time  of  blossoming,  and  several 
times  thereafter  during  the  season.     Knowing  the  nature  of 

*lleport  Connecticut  Agricultural  Experiment  Station,  19  (1895),  p.  186,  and  20 
(1896),  p.  267.  See  also  Ohio  Bulletin  73,  p.  235,  and  89,  p.  117 ;  Journal  Mycology, 
Yii,  p.  373. 
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the  disease,  it  will  of  course  be  at  once  understood  that  it  is 
very  advisable  to  destroy  all  affected  vines  and  leaves  by 
burning.  It  might  also  be  safer  not  to  plant  melons  on  land 
where  the  disease  had  already  occurred  during  the  previous 
season.  We  do  not,  however,  lay  great  stress  on  this,  as 
many  farmers  have  a  particular  area  especially  suited  to  this 
crop,  which  they  do  not  like  to  give  up,  and  the  disease  is 
probably  disseminated  widely  enough  so  that  it  is  about  as 
likely  to  occur  in  one  place  as  another. 

Rotting  of  Cabharje. 
The  rotting  of  cabbage  in  the  field,  caused  by  a  species  of 
bacteria,  which  has  recently  been  so  thoroughly  investigated 
by  Russell*  and  Smith, f  appeared  this  year  in  a  field  upon 
the  station  grounds,  and  also  occurred  to  our  knowledge  in 
several  other  places  in  the  State.  It  is  a  most  destructive 
disease,  causing  dead  spots  to  appear  upon  the  outer  leaves 
of  the  cabbage,  and  usually  resulting  in  a  complete  decay  of 
the  whole  head.  Cauliflower  is  quite  susceptible,  as  also 
cabbages  and  turnips.  A  full  description  of  the  disease  may 
be  obtained  in  the  above-cited  Farmers'  Bulletin,  which  can 
be  obtained  upon  application  to  the  Secretary  of  Agriculture, 
"Washington,  D.  C.  No  practical  remedy  is  known  except 
a  rotation  of  crops.  As  the  disease  occurred  here  on  land 
which  had  never  been  in  cabbages  before,  even  this  seems 
rather  uncertain. 

Further  'Considerations  in  Regard  to  the  Drop  in  Lettuce. 
We  have  already  referred  to  this  disease  in  our  last  annual 
report,  and  it  may  not  be  out  of  place  to  briefly  call  attention 
to  the  progress  which  has  been  made  towards  the  control  of 
this  troublesome  fungus.  The  study  of  the  organism  which 
causes  the  disease  has  given  some  suggestive  results  in  re- 
gard to  its  treatment.  The  ordinary  «' damping  fungus" 
{Botrytis) ,  has  been  generally  regarded  as  the  source  of  the 
trouble,  and  we  have  so  referred  to  it  in  our  previous  report. 
Further  observation  has  shown,  however,  that,  whatever  may 

*  Bulletin  65,  Wisconsin  Experiment  Station. 

t  Farmers'  Bulletin  68,  United  States  Department  Agriculture. 
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be  the  relation  between  the  drop  fungus  and  Botrytis,  it  is 
certain  that  the  disease  is  not  spread  by  Botrytis  spores  in 
the  air,  but  by  a  mycelium  or  mould-like  growth  in  the  soil 
itself. 

Our  control  experiments  have  so  far  been  along  three  dif- 
ferent lines ;  namely,  those  in  which  chemical  substances 
were  used  on  the  soil,  the  application  of  various  gases  to 
the  greenhouse,  and  the  effect  of  different  layers  of  sand  and 
sterilized  earth.  The  results  obtained  by  the  use  of  chemical 
substances  have  been  entirely  negative,  and  the  use  of  gases 
does  not  at  the  present  time  give  great  encouragement.  In 
our  last  report  we  called  attention  to  the  use  of  sterilized 
soil  as  a  possible  control  method,  and  during  the  past  winter 
and  also  at  the  present  time  this  method  has  been  in  use. 
Our  experiments  have  shown  that  the  heating  method  is  the 
only  absolute  one,  although  some  gain  has  been  made  by  the 
use  of  three-fourths  of  an  inch  of  sand  upon  the  beds.  The 
sand  which  was  sterilized  showed  better  results  than  the  un- 
sterilized.  In  both  instances,  however,  cleaner  and  better 
plants  have  been  obtained  by  the  use  of  three-fourths  or  one- 
half  of  an  inch  placed  upon  the  surface  of  the  soil.  Ex- 
periments in  which  three  or  four  inches  of  the  top  soil  was 
sterilized  gave  absolute  results  in  the  control  of  the  drop,  and 
those  in  which  two  inches  of  the  infected  top  soil  was  steril- 
ized have  not  as  yet  shown  any  evidences  of  the  drop.  Where 
one  inch  of  sterilized  soil  was  used  and  carefully  distributed, 
the  loss  from  the  drop  has  been  about  four  per  cent. ,  while 
in  the  adjacent  beds  which  were  not  sterilized  the  loss  was 
al:>out  fifty  per  cent.  These  experiments  have  been  carried 
out  in  another  badly  infested  house,  managed  by  an  experi- 
enced lettuce  grower,  on  a  much  larger  scale,  with  quite  sim- 
ilar results. 

While  this  method  gives  promise  of  being  a  practical  one, 
we  are  not  quite  certain  as  yet  whether  it  is  the  cheapest  one 
which  can  be  utilized,  and  other  control  methods  are  being  ex- 
perimented with.  Some  growers  clean  their  houses  out  every 
year,  and  put  in  fresh  subsoil  mixed  with  horse  manure ; 
l)ut  such  a  method  is  expensive,  probably  more  so  than  the 
heating  of  an  inch  or  two  of  the  top  soil  previous  to  planting 
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the  crop.  If  one  is  provided  Avitli  a  good  steam  boiler,  as 
most  lettuce  growers  are,  probably  two  hundred  cubic  feet 
of  soil  could  be  heated  sufficiently  in  one  or  two  hours'  time. 
This  amount  of  earth  will  cover  twenty-four  hundred  square 
feet  of  soil  one  inch  deep,  or  a  bed  twenty-four  feet  wide  by 
one  hundred  feet  long.  Of  course  this  heating  will  have  to 
be  done  with  every  crop,  as  the  stirring  of  the  soil  subse- 
quent to  planting  would  redistribute  the  fungus.  As  a  neces- 
sary precaution  against  the  drop,  it  would  also  be  necessary 
to  have  all  the  soil  sterilized  in  which  the  prickers  are 
started,  and  also  that  which  contains  the  first  transplanting. 
By  this  means  alone  much  lessening  of  the  drop  could  be  ac- 
complished ;  but  in  conjunction  with  sterilized  layers  one 
inch  thick  in  the  house,  it  would  in  most  cases  reduce  the 
infection  still  further.  The  amount  of  earth  that  is  employed 
in  the  seed  bed  and  also  that  in  which  the  first  transplanting 
is  done  is  not  so  large  but  that  it  could  be  entirely  sterilized. 
When  this  is  once  accomplished,  it  would  be  sufficient  for 
some  time  to  come,  provided  precautions  were  taken  against 
outside  contamination.  The  benefits  gained  from  the  use  of 
sterilized  soil  are  in  themselves,  regardless  of  the  drop,  suffi- 
cient to  pay  for  the  process,  according  to  some  who  have 
used  it,  inasmuch  as  the  lettuce  plant  shows  a  better  color 
and  makes  a  quicker  and  larger  growth. 

The  Ohrysanthemum  Rust. 
This  comparatively  new  disease  has  been  not  uncommon 
in  the  State  during  the  past  season  ;  but  it  is  encouraging  to 
note  that  its  attacks  seem  in  most  cases  where  it  has  occurred 
to  have  had  but  little  appreciable  efi'ect,  and  the  indications 
now  are  that  this  disease  is  one  which  may  be  fully  con- 
trolled by  proper  methods  of  cultivation  and  management. 
We  noticed  especially  a  case  where  a  lot  of  plants  were 
brought  in  in  August  to  set  out  in  the  open  bed  for  fall 
blooming.  Fifteen  plants  were  left  over,  and  remained 
standing  on  a  greenhouse  bench  in  pots.  Later  in  the  season 
this  bench  was  filled  up  with  other  potted  plants  which  had 
remained  out  of  doors.  Though  all  were  of  the  same  lot, 
the  fifteen  became  badly  rusted,  while  none  of  the  others  or 
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those  set  out  in  open  beds  showed  any  signs  of  the  disease. 
It  seemed  pretty  evident,  therefore,  that  the  high  August 
temperature  of  the  house  had  a  bad  effect  upon  the  plants 
confined  in  pots,  causing  them  to  be  more  susceptible  to -the 
disease.  Some  of  the  plants  which  were  still  out  of  doors 
in  a  cold  frame  also  became  rusted,  but  these  were  crowded 
together  so  that  all  the  lower  leaves  had  fallen  ofi",  and  were 
plainly  in  poor  condition.  Of  the  many  plants  which  were 
set  out  in  open  beds  in  August  or  placed  on  benches  with 
space  between  them  in  September,  not  one  showed  any 
noticeable  rusting. 

It  remains  to  be  said  that  the  rusted  plants,  though  badly 
affected,  produced  blossoms  as  good,  apparently,  both  in 
quality  and  quantity,  as  similar  healthy  plants,  and,  further- 
more, did  not  spread  the  disease  to  other  plants,  though  kept 
in  close  proximity  to  them.  Judging,  therefore,  from  this 
year's  experience,  it  seems  probable  that  the  skilful  gardener 
has  no  great  cause  for  apprehension  in  this  disease. 

A  New  Pansy  Disease. 

During  the  past  summer  our  attention  was  called  to  a  field 
of  pansies  at  the  establishment  of  a  local  seed  grower,  in 
which  the  plants  were  badly  affected  by  a  disease  of  the 
leaves  and  blossoms.  Upon  the  affected  leaves  first  appeared 
small  dead  spots,  each  surrounded  by  a  definite  black  border. 
These  spots  soon  increased  in  size,  and  in  the  later  stages 
of  the  disease  the  affected  leaves  had  an  appearance  very 
similar  to  that  of  the  violet  leaf  spot  (^Oercospora  ViolcE^ 
Sacc).  Many  plants  were  killed  outright  by  the  disease, 
and  all  affected  ones  were  in  very  poor  condition.  Besides, 
the  spotting  of  the  leaves,  many  of  the  blossoms  also  were 
affected,  the  petals  being  disfigured  by  dead  spots  and 
blotches  upon  them,  while  some  of  the  flowers  were  mal- 
formed or  only  partly  developed.  The  latter  was  indeed  one 
of  the  most  serious  features  of  the  trouble,  as  the  plants 
were  raised  for  seed,  and  the  yield  was  greatly  reduced  by 
this  failure  of  the  blossoms  to  develop  properly. 

It  was  thought  at  first,  from  the  general  resemblance  of 
the  leaf  spots  and  close  relationship  of  the  two  plants,  that 
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this  might  be  identical  with  the  violet  disease.  This,  how- 
ever, did  not  prove  to  be  the  case.  Examination  showed 
that  the  cause  of  the  trouble  was  a  fungus,  but  one  of  quite 
a  different  nature  from  Oercospora,  and  belonging  to  the 
genus  Colletotrichum,  being  apparently  a  new  and  unde- 
scribed  species.  This  form  has  therefore  been  described  in 
the  "Botanical  Gazette"  of  March,  1899,  under  the  name 
CoUetotrichum  Violm  —  tricoloris. 

This  same  disease  has  been  seen  in  a  few  other  localities 
in  the  State,  and  Prof.  B.  D.  Halsted  has  also  very  kindly 
sent  us  specimens  of  it  from  New  Jersey,  so  that  the  trouble 
is  doubtless  widespread.  Its  occurrence,  however,  seems  to 
have  been  comparatively  slight,  except  in  the  one  instance 
described  above.  In  this  case  the  number  of  plants  was 
very  large,  and  pansies  had  been  grown  upon  the  same  field 
for  several  years,  which  may  account  for  the  severe  outbreak 
of  the  disease. 

A  portion  of  this  field  was  sprayed  twice  with  strong 
Bordeaux  mixture ;  but,  as  it  was  already  late  in  the  season, 
and  heavy  rains  prevailed  at  the  time,  little  success  from  the 
treatment  was  looked  for.  The  owner,  however,  thought 
that  a  beneficial  result  appeared  from  the  treatment,  and 
from  our  own  observation  we  can  claim  at  least  that  later  in 
the  season  the  sprayed  portion  of  the  field  was  certainly  in 
the  best  condition  of  any.  If  this  did  indeed  result  from 
the  spraying  under  such  adverse  conditions,  it  seems  likely 
that  the  disease  could  be  kept  well  in  check  by  proper  treat- 
ment. 

Physiological  Disorders. 

Seasonal  Peculiarities  of  Certain  Shade  Trees. 

Some  complaints  have  been  made  in  regard  to  the  falling 
of  leaves  on  the  elm,  maple  and  apple  trees.  This  was 
especially  noticeable  on  the  elm  in  various  sections.  We 
had  many  specimens  sent  in  for  examination,  and  our  at- 
tention was  called  to  a  number  of  trees  in  which  certain 
branches  had  only  half-developed  leaves  on  them.  These 
leaves  would  linger  along  a  while  in  this  condition,  when 
they  would  gradually  turn  yellow  and  drop  to  the  ground. 
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Examination  made  of  a  great  many  leaves  and  branches  re- 
vealed no  fungous  or  insect  pest  preying  upon  them.  The 
condition  of  the  apple  trees  was  similar,  although  not  so 
prevalent ;  and  in  the  maple  the  cast-off  leaves  were  mature 
ones.  The  exact  cause  of  this  trouble  is  not  obvious,  but 
there  can  be  little  doubt  that  it  was  a  functional  disorder. 
We  have  observed  fine  specimens  of  elm  trees,  which,  after 
a  period  of  excessive  seasons,  would  suddenly  lose  all  their 
leaves  in  midsummer,  yet  a  year  or  two  later  would  appear 
as  vigorous  as  ever.  Inasmuch  as  the  trees  are  not  materi- 
ally injured  by  the  falling  of  a  few  leaves  in  midsummer, 
remedial  measures  are  not  necessary. 

Over-feeding  of  Plants. 

The  over-feeding  of  plants  is  not  an  uncommon  occur- 
rence at  the  present  time,  when  so  much  concentrated  fertil- 
izer is  used,  and  where  attention  is  not  given  to  the  proper 
amounts  that  should  be  employed.  This  trouble  not  only 
occurs  among  florists,  etc.,  but  among  those  who  cultivate 
house  plants  as  well ;  and  the  cause  of  the  trouble  is  usually 
traceable  to  the  fact  that  most  people  are  not  aware  of  the 
strength  of  the  constituents  serving  as  plant  food.  The 
normal  strength  of  chemically  pure  solutions,  available  for 
plants,  is  about  one  to  one  thousand  or  one  to  two  thousand 
parts,  and  when  these  solutions  are  put  on  at  the  rate  of  one 
to  one  hundred  or  so,  ill  results  must  be  expected  to  follow 
their  use. 

We  now  and  then  have  specimens  of  abnormal  plants  sent 
in  to  us  which  are  merel}^  suffering  from  some  such  treat- 
ment. A  potted  specimen  of  a  Johnsonian  lily,  which  had 
a  number  of  reddish  eruptions  or  blisters  upon  its  leaves, 
was  sent  in  for  examination.  These  reddish  blisters  were 
examined  under  the  microscope,  and  they  showed  no  evi- 
dence of  fungi  or  insects  being  present.  The  cells,  however, 
in  the  vicinity  of  the  blisters  showed  that  they  had  been 
stimulated  exceedingly,  which  manifested  itself  in  exces- 
sive cell  division,  giving  rise  to  the  blisters  ;  and  where  this 
action  had  taken  place  excessively  the  tissues  were  ruptured, 
thus  producing  a  ragged,  wounded  appearance.     This  trouble 
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could  be  readily  referred  to  some  abnormal  features  in  con- 
nection with  nutrition,  and  an  inquiry  showed  that  the  plants 
had  been  heavily  fertilized  with  Chili  saltpetre.  The  same 
treatment  was  applied  by  us  to  a  perfectly  healthy  John- 
sonian lily,  with  the  result  that  the  same  activity  was  shown 
in  the  division  of  the  leaf  cells,  which  subsequently  gave  rise 
to  blisters  or  ragged  eruptions  identical  with  those  described. 

A  number  of  potted  specimens  of  cyclamens  grown  by  a 
florist  were  also  brought  to  our  notice  last  winter,  which 
showed  somewhat  similiar  peculiarities  in  the  leaf.  These 
leaves  were  blistered,  although  in  quite  a  different  manner 
from  the  Johnsonian  lily  mentioned  above.  There  were  no 
ragged  or  lacerated  eruptions  or  pustules  on  the  cyclamens, 
and  the  manner  of  blistering  was  quite  different,  although 
it  was  evidently  caused  by  over-feeding,  or  at  least  by  inju- 
dicious feeding,  as  it  was  found  that  the  plants  had  been 
heavily  treated  with  nitrate  of  soda. 

A  singular  case  of  over-fertilizing  or  perhaps  over-water- 
ing was  seen  in  some  specimens  of  carnations  sent  in  to  us 
by  a  grower.  We  subsequently  visited  the  greenhouse  where 
they  were  found,  and  had  an  opportunity  of  seeing  these 
abnormal  plants  in  the  benches,  beside  other  plants  of  the 
same  variety  that  were  not  affected.  About  fifty  plants  in 
this  house  showed  this  trouble,  and  it  was  confined  to  the 
most  robust  specimens  of  the  variety  known  as  the  Edith 
Foster,  and  in  some  instances  to  the  Mrs.  Fisher.  The 
characteristics  of  these  diseased  plants  were  whitish  stems 
and  foliage,  which  were  enlarged  to  about  twice  the  size  of 
normal  ones  growing  next  to  them.  Repeated  examinations 
of  the  tissues  of  the  affected  plants  seem  to  show  that  there 
was  nothing  the  matter  with  them  except  what  might  be 
expected  from  improper  nutritive  conditions,  such  as  might 
be  brought  about  by  too  much  fertilizer  or  excessive  water- 
ing, which  caused  the  plants  to  be  stimulated  abnormally  in 
their  growth.  In  the  spring  the  plants  were  removed  from 
the  greenhouse  into  fresh  garden  soil,  but  they  failed  to 
recover.  The  same  variety  of  carnations  has  already  shown 
similar  symptoms  this  season. 

Injudicious  use  of  fertilizers  is  not  an  uncommon  matter, 
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and  more  care  should  be  exercised  in  their  application. 
Most  fertilizer  companies  give  explicit  directions  as  to  the 
amounts  which  should  be  employed,  and  the  excessive  use 
of  them  is  generally  traced  to  the  carelessness  of  the 
gardener  in  applying  them.  The  results  of  over-feeding 
generally  manifest  themselves  in  some  abnormal  stimulation 
to  the  plant ;  but  these  results,  even  when  the  same  fertil- 
izer is  used,  do  not  show  themselves  in  a  similar  manner  on 
different  species  of  plants.  "What  would  give  rise  to  a 
multiplication  of  cells  and  the  formation  of  blisters  in  the 
leaf  of  one  plant,  would  not  do  it  in  the  leaf  of  another.  In 
short,  stimuli  in  plants  manifest  themselves  specifically  and 
manifoldly. 

The  Bronzing  of  Rose  Leaves. 

A.  peculiar  bronzing  or  irregular  spotting  of  rose  leaves  was 
brought  to  our  attention  last  winter  by  Mr.  Alexander 
Montgomery,  Jr.,  a  member  of  the  senior  class.  This 
peculiarity  in  the  spotting  or  bronzing  of  the  leaf  is  common 
to  grafted  varieties  of  the  Tea,  Bride  and  Bridesmaid  roses, 
grown  at  the  extensive  Waban  conservatories  at  Natick ; 
and  Mr.  Montgomery,  who  was  working  in  the  botanical 
laboratory  at  that  time,  made,  at  my  request,  some  investiga- 
tions into  the  cause  of  the  trouble.  Both  Mr.  Montgomery 
and  his  father,  who  is  in  charge  of  the  Waban  conservatories, 
have  had  ample  opportunity  to  observe  bronzing;  and  it 
therefore  became  a  very  easy  matter  to  secure  valuable  data. 
The  only  mention  which  we  have  noticed  in  connection  with 
this  disease  is  that  given  by  Professor  Halsted  of  New 
Jersey,  who  briefly  referred  to  it  in  his  annual  report  of 
1894.*  In  this  report  he  gives  a  figure  of  the  black  spot  of 
the  rose,  and  in  connection  with  it  is  shown  what  he  desig- 
nates a  ' '  discoloration  that  is  most  frequently  met  with  on 
the  foliage  of  the  La  France,  and  may  be  called  bronzing.'* 
This  he  states,  so  far  as  he  knows,  is  "not  due  to  any 
fungus,  and  is  likely  due  to  a  structural  weakness."  This 
reference  to  the  disease  by  Professor  Halsted  was  not  ob- 
served until  Mr.   Montgomery  had  finished  his  investiga^ 

*  New  Jersey  Experiment  Station  Report,  1894,  p.  384. 
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tions ;  and,  in  order  to  ascertain  whether  the  trouble  with 
which  we  were  concerned  was  the  same  which  he  had  briefly 
alluded  to,  we  forwarded  him  specimens  for  examination, 
which  resulted  in  establishing  the  identity  of  the  two. 
There  is  a  certain  resemblance  between  the  spots  which  give 
rise  to  bronzing  and  those  which  are  caused  by  the  black 
spot;  and  we  found  that  the  impression  prevailed  among 
some  rose  growers  that  bronzing  was  simply  an  immature 
stage  of  the  black  spot.  To  any  one  thoroughly  familiar 
with  the  characteristics  of  both  diseases,  the  difl'erences  be- 
tween them  would  be  evident,  and  they  would  not  be  likely 
to  confound  one  with  the  other. 

The  investigations  of  Mr.  Montgomery  showed  that  the 
abnormal  condition  of  the  rose  leaves  subject  to  bronzing 
was  not  in  any  way  connected  with  fungi,  but  is  of  a  physio- 
logical nature,  or  structural  weakness,  as  Professor  Halsted 
had  correctly  surmised.  The  first  symptoms  are  manifested 
in  a  mottled,  bronzing  coloration  of  the  leaf.  These  spots 
subsequently  become  more  prominent,  ranging  from  one- 
sixteenth  of  an  inch  to  one  inch  in  size ;  the  infected  por- 
tions of  the  leaf  frequently  turn  yellow,  and  eventually  the 
leaflets  and  leaf  stalk  drop  to  the  ground.  Sometimes,  how- 
ever, a  whole  leaflet  becomes  bronzed,  and  the  yellowish 
color  is  not  observed.  Numerous  microscopic  cross-sections 
made  of  the  bronzed  leaf  spots  showed  that  the  epidermal 
and  adjacent  cells  were  in  an  abnormal  condition.  The 
living  contents  of  the  cells  were  disintegrated,  the  proto- 
plasm and  cell  walls  had  turned  a  reddish-brown  color,  and 
numerous  very  minute  bodies  about  the  size  of  micrococci 
filled  the  afiected  cells.  These  minute  bodies  proved  upon 
examination  to  be  crystals  of  calcium  oxalate.  The  exces- 
sive deposits  of  calcium  oxalate  indicate  that  the  leaf  cells, 
being  unable  to  obtain  sufficient  nourishment,  were  not  able 
to  assimilate  the  calcium  salts,  and  consequently  it  is  de- 
posited in  the  cells  in  the  form  of  calcium  oxalate.  It  may 
be  said  that  all  of  this  phenomenon  is  nothing  extraordinary, 
but  merely  concomitant  with  the  death  of  the  leaf,  and  can 
be  observed  in  other  species  of  plants.  Mr.  Montgomery 
states  that  the  bronzed  leaves  are  more  susceptible  to  disease, 
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and  he  has  observed  the  occurrence  of  rust  upon  them,  while 
healthy  leaves  would  be  entirely  free. 

A  further  examination  of  the  affected  plants  at  the  Waban 
conservatories,  made  by  Mr.  Montgomery  and  myself,  showed 
that  all  leaves  even  of  plants  subject  to  it  were  not  affected, 
but  that  it  was  confined  in  every  instance  to  two  places  : 
first,  where  a  stem  is  cut  and  a  new  branch  starts,  the  leaf 
at  the  base  of  the  branch  begins  to  bronze ;  second,  when 
an  eye  or  axillary  bud  is  rubbed  off,  the  leaf  generally 
becomes  bronzed. 

There  is  a  difference  in  susceptibility  between  young  plants 
and  old  ones.  Roses  planted  in  the  middle  of  June  show 
bronzing  the  first  of  August,  but  it  is  scarcely  noticed  after 
the  first  year's  growth.  Bronzing  appears  to  occur  more 
largely  upon  plants  which  show  rapid  growth  than  on  those 
which  have  grown  more  slowly ;  for  this  reason  apparently 
the  root  plants  or  ungrafted  ones  at  the  Waban  conserva- 
tories which  are  not  so  vigorous  as  the  grafted  ones  are  not 
susceptible  to  it.  Bronzing  sometimes  occurs  upon  small, 
weak  stock. 

It  should  be  stated,  however,  that,  since  bronzing  occurs 
on  leaves  at  the  axils  of  the  shoots  which  bear  the  flowers, 
no  real  harm  is  done  to  the  marketable  foliage,  as  the  cut- 
ting of  the  flower  stalk  is  always  above  the  position  of  the 
leaves  which  are  bronzed.  The  most  intelligent  and  suc- 
cessful rose  growers  always  take  the  most  care  and  pride  in 
their  plants,  and  they  are  suspicious  of  any  abnormal  feature 
which  in  any  way  mars  the  beauty  of  them ;  and  this  is,  so 
far  as  we  have  observed,  the  only  inconvenience  which  this 
trouble  of  bronzing  gives  rise  to. 

It  is  quite  evident  that  we  have  in  the  bronzing  of  rose 
leaves  a  physiological  phenomenon  which  is  not  uncommon 
to  other  plants.  We  have  observed  a  similar  falling  of  the 
axillary  leaves  in  other  species  of  plants.  In  the  rose  it  is 
probably  a  correlative  phenomenon,  which  is  brought  about, 
or  at  least  augmented,  by  years  of  cultivation  and  develop- 
ment along  certain  lines.  Any  form  of  mutilation,  whether 
it  be  a  cut  or  a  mere  scratch,  acts  as  a  stimulus  to  a  plant ; 
but  the  manner  of  reaction  of  the  plant  may  not  always  be 
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the  same  either  in  kind  or  degree.  As  a  rule,  the  cutting 
of  primary  organs,  such  as  a  shoot,  will  give  rise,  among 
other  things,  to  increased  activities  in  the  secondary  organs, 
such  as  a  side  shoot  or  side  root ;  and  conversely  the  cutting 
of  a  secondary  organ  or  branch  will  stimulate  the  primary 
organ  or  main  shoot.  Then,  again,  the  effects  of  stimuli 
caused  by  cutting  are  more  marked  near  the  source  of  in- 
jury, and  less  marked  the  further  away  an  organ  is  from  it. 
For  example,  the  cutting  of  the  main  axis  near  an  eye  or 
bud  would  give  rise  to  increased  activities  in  the  axillary 
bud,  which  would  manifest  itself  in  the  development  of  a 
new  shoot.  The  nearer  the  cut  to  the  eye  or  bud,  the  more 
marked  will  be  the  stimulation,  or  resultant  activities,  and 
the  more  completely  will  it  assume  the  characteristics  of  the 
primary  shoot.  The  better  condition  the  plants  are  in,  and 
the  more  suitable  and  available  plant  food  with  which  they 
are  supplied,  the  more  rapid  will  be  the  growth  of  the  shoot, 
and  the  more  marked  will  be  the  correlative  effects.  Such, 
in  fact,  are  some  of  the  laws  governing  correlation  in  plants. 
In  the  case  of  the  bronzing  and  subsequent  death  of  the 
axillary  rose  leaves,  the  stimulative  effect  of  cutting  causes 
a  marked  growth  of  the  shoot,  and  the  nutritive  substances 
are  thereby  utilized  by  this  organ  to  such  an  extent  that 
some  other  portion  of  the  plant  is  made  to  suffer.  In  this 
instance  it  is  the  axillary  leaf  which  finally  becomes  bronzed, 
turns  more  or  less  yellow  and  dies.  In  other  words,  bronz- 
ing is  nothing  more  or  less  than  a  physiological  disorder, 
and  falls  under  the  domain  of  plant  irritability. 

Cucumber  Wilt. 
The  growing  of  cucumbers  under  glass  is  carried  on  ex- 
tensively in  some  places  in  this  State,  and  a  disease  known 
as  the  wilt  has  been  reported  to  the  station  a  number  of 
difierent  times.  Complaints  in  regard  to  this  disease  have 
always  come  from  certain  localities  where  it  has,  as  a  rule, 
been  quite  universal  among  the  different  growers.  The 
symptoms  of  the  disease  are  a  wilting  of  the  plant,  or,  more 
strictly  speaking,  of  the  foliage,  whenever  it  is  subjected  to 
the  intense  rays  of  the  sun. 
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We  visited  several  cucumber  houses  this  last  spring  in 
which  the  plants  were  subject  to  wilt,  and  observed  a  num- 
ber of  houses  which  contained  badly  affected  plants.  In  those 
houses  running  north  and  south,  the  vines  in  the  morning 
on  the  east  side,  which  are  subject  to  the  sun's  rays,  would 
be  entirely  wilted ;  while  those  on  the  west  side,  and  away 
from  the  sun's  rays,  were  not  in  the  least  affected.  In  the 
afternoon,  when  the  sun  had  reached  the  west  side  of  the 
house,  the  vines  would  then  become  badly  wilted,  and  those 
on  the  east  side,  when  no  longer  exposed  to  the  direct  rays 
of  the  sun,  would  commence  slowly  to  recover.  The  cause 
of  the  wilt  in  every  instance  was  not  difficult  to  understand ; 
but,  as  a  necessary  precaution  against  drawing  deductions 
too  hastily,  we  examined  every  portion  of  a  number  of  plants 
very  carefully,  to  convince  ourselves  that  there  was  no  other 
cause  than  that  which  we  had  in  mind.  It  is  well  known 
that  there  is  a  bacterial  disease  of  cucumbers  that  gives 
rise  to  a  wilting  of  the  leaves,  but  careful  examination  of 
the  tissues  shows  nothing  in  the  nature  of  bacteria  to  be 
present. 

At  about  the  same  time  we  visited  several  other  cucumber 
growers  in  other  sections  of  the  State,  and  had  an  oppor- 
tunity of  examining  many  vines  in  about  the  same  stage  of 
development.  In  some  instances  the  identical  varieties  of 
cucumbers  were  grown,  but  in  the  majority  of  cases  another 
variety  was  used,  namely,  the  White  Spine,  and  in  all  cases 
the  methods  of  cultivation  were  radically  different,  and  the 
wiltino;  of  the  vines  was  somethino;  unknown  to  them.  Long 
before  we  visited  the  region  of  wilt  a  number  of  letters  of 
inquiry  had  shown  us  that  the  disease  in  question  was  local, 
and  the  majority  of  growers  had  never  had  trouble  with  it. 

The  cause  is  not  due  to  any  organism,  whether  insect  or 
fungous,  but  to  extremely  abnormal  conditions  of  the  plants, 
brought  about  by  irrational  methods  of  cultivation  that  give 
rise  to  defective  transpiration,  or,  in  other  words,  to  the 
giving  off  of  water  from  the  leaves.  The  activity  of  tran- 
spiration is  affected  by  various  causes.  It  is  well  known  that 
the  stomata  or  breathing  pores  of  the  leaf  are  open  during 
sunshine  and  closed  during:  darkness,  and  that  the  greatest 
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activity  in  transpiration  takes  place  during  sunshine.  This 
fact  is  frequently  demonstrated  by  young  cucumber  plants 
in  tolerably  good  conditions  of  health,  which  not  infrequently 
show  some  indications  of  wilt  in  sunshine,  though  not  enough 
to  cause  any  amount  of  harm.  This  is  especially  so  when 
they  are  forced  too  rapidly,  and  when  the  texture  of  the  leaf 
is  not  sufficiently  developed.  The  temperature  of  the  air 
affects  transpiration.  A  plant  in  an  atmosphere  saturated 
with  moisture  will  not  exhale  any  watery  vapor,  provided 
that  the  temperature  of  the  plant  is  not  higher  than  that  of 
the  air ;  but  when  the  temperature  of  the  air  is  high,  and 
the  proportion  of  moisture  small,  transpiration  is  promoted. 
Transpiration  is  further  affected  by  the  temperature  of  the 
soil  in  which  the  roots  are  embedded.  When  the  roots  are 
warmed,  transpiration  becomes  more  active,  and  conse- 
quently there  exists  more  root  absorptive  activity.  The 
nature  of  liquids  wliich  the  roots  absorb  and  the  kind  of  soil 
in  which  they  grow  also  affect  transpiration.  Plants  tran- 
spire more  when  grown  in  sandy  soil  than  when  grown  in 
clay  soil ;  also  when  grown  in  acid  soil  than  when  grown  in 
alkaline  soil.  One  per  cent,  solutions  of  potassium  nitrate 
and  other  salts  diminish  transpiration,  and  we  have  been 
able  to  produce  severe  cases  of  the  wilt  by  watering  pots  of 
cucumber  plants  with  a  one  per  cent,  solution  of  potassium 
nitrate. 

The  wilt,  however,  in  the  houses  mentioned  before  was 
not  due  to  temperature  or  constituents  of  the  soil,  but  was 
brought  about,  as  we  have  already  inferred,  by  irrational 
methods  of  treatment  of  the  plants,  and  depends  upon 
other  causes.  In  all  probability,  the  cause  of  the  wilt  may 
be  attributed  partially  to  the  characteristic  peculiarities  of 
the  varieties  of  cucumbers  grown,  as  most  of  the  varieties 
are  Telegraph  or  Giant  Pera.  In  many  cases  hybrid  forms 
are  obtained  by  crossing  these  with  the  White  Spine.  These 
varieties  present  a  different  appearance  from  the  White 
Spine ;  their  stem  and  leaves  appear  to  be  small,  and  the 
plants  do  not  appear  normally  as  green  and  rugged  as  the 
White  Spine. 

The  methods  of  growing  cucumbers  where  the  wilt  occurs 
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are  radically  wrong  in  many  ways.  The  houses  are  imper- 
fectly supplied  with  ventilation,  consequently  little  use  can 
be  made  of  tliis  necessary  feature.  Then,  again,  they  are 
supplied  either  wholly  or  partially  with  two  layers  of  glass, 
which  are  set  about  two  inches  apart,  thus  leaving  an  air 
space  in  between  for  the  purpose  of  keeping  out  the  cold, 
but  which  in  reality  becomes  filled  up  with  dirt,  and  is  an 
excellent  aid  in  shutting  out  the  light.  Plants  started  in 
such  a  house  in  winter  continually  suffer  from  lack  of  light, 
—  a  feature  which  we  have  often  observed  in  the  greenhouses 
in  this  State.  Their  leaves  become  pale,  and  they  are  at- 
tached to  the  stalk  by  means  of  elongated  petioles,  and  pre- 
sent all  the  phenomena  of  partial  etiolation,  or,  in  other 
words,  they  resemble  plants  grown  in  the  dark.  If  we  add 
to  such  plants  an  enormously  high  temperature,  without  any 
proper  ventilation  to  make  them  stocky  and  rugged,  then 
we  have  a  crop  that  is  so  tender  and  abnormally  matured 
that  it  is  incapable  of  standing  strong  sunlight.  If  such  a 
crop  is  carried  over  until  spring,  and  subjected  to  the  intense 
rays  of  the  sun  occurring  in  that  season  of  the  year,  the  ten- 
der, etiolated,  sickly  colored  leaves  commence  to  wilt  even 
with  the  house  closed  and  a  considerable  degree  of  moisture. 

We  observed  as  many  as  a  dozen  houses  last  spring  af- 
fected in  this  way,  and  not  in  a  single  one  did  we  see  more 
than  a  dozen  or  so  of  what  might  be  termed  fairly  good- 
colored  and  healthy  plants.  Whenever  we  observed  a  plant 
which  possessed  any  color  or  texture  in  its  leaves,  we  found 
plants  which  showed  no  indication  of  the  wilt.  We  exam- 
ined at  the  same  time  in  another  locality  a  crop  of  a  similar 
variety  of  cucumbers  grown  in  a  house  provided  with  a 
single  layer  of  glass,  which  had  also  received  sufficient  venti- 
lation, and  the  plants  were  in  an  exceedingly  vigorous  con- 
dition. 

These  facts  show  what  it  is  always  necessary  to  bear  in 
mind,  that  some  varieties  of  plants  can  be  grown  by  differ- 
ent growers  with  entirely  different  results,  and  that  it  is 
essential  to  pay  the  greatest  attention  to  conditions  which 
are  normal  to  the  plants. 

While  the  cause  of  the  cucumber  wilt  is  due,  as  we  have 
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already  pointed  out,  to  irrational  methods  of  greenhouse 
management,  the  specific  cause  can  be  traced  directly  to  the 
lack  of  texture  in  the  plants,  brought  about  by  too  high  a 
temperature  and  lack  of  light  in  the  beginning,  which  does 
not  enable  them  to  stand  up  under  the  powerful  rays  of  the 
spring  sun,  as  the  amount  of  water  thrown  off  from  their 
tender  leaves  is  more  than  can  be  supplied  by  their  roots. 
This  irrational  method  seems  to  have  its  origin  in  a  desire 
to  save  coal,  and  starve  the  plant  by  utilizing  double  layers 
of  glass,  and  to  indulge  in  too  much  forcing;  or,  in  other 
words,  to  get  more  out  of  the  plant  in  a  certain  length  of 
time  than  its  inherent  capacity  warrants.  In  these  methods 
of  culture,  affecting,  as  they  do,  a  single  locality,  we  see 
nothing  but  practice  based  upon  a  disregard  of  the  normal 
functions  of  the  plant,  and  mistakes  due  to  local  conception 
of  greenhouse  management.  The  remedy  in  such  a  case  is 
obvious,  and  consists  in  giving  the  plants  during  their  young 
stage  of  growth  plenty  of  light  and  air,  and  not  allowing 
them  to  grow  too  rapidly.  Cucumber  plants  grown  in  this 
manner  will  possess  color  and  texture,  and  they  will  be  capa- 
ble of  standing  the  spring  rays  of  the  sun  without  wilting. 

8ome  Difficulties  which   City  Shade  Trees  have  to  contend 

with. 

For  some  years  back  our  larger  cities  have  had  park  com- 
missions, whose  duty  consists,  among  other  things,  in  seeing 
to  the  setting  out  and  caring  for  shade  trees.  Many  of  these 
cities,  having  seen  the  necessity  of  a  more  general  oversight 
in  regard  to  the  care  of  trees,  have  gone  a  step  further,  and 
have  secured  the  services  of  a  trained  forester,  whose  busi- 
ness it  is  to  pay  special  attention  to  their  welfare. 

This  department  frequently  has  specimens  of  diseased 
leaves  and  branches,  especially  of  trees,  sent  to  it  for  the 
purpose  of  determining  what  is  the  matter  with  them. 
Sometimes  these  specimens  are  from  trees  in  which  a  single 
branch  has  lost  its  leaves  in  mid-summer,  or  they  may  be 
specimens  from  a  tree  which  has  died  suddenly.  An  exami- 
nation of  the  specimens  frequently  shows  that  there  is  no 
reason  for  believino;  that  their  abnormal  condition  is  caused 
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by  either  insect  or  fungi,  although  at  times  there  may  be 
observed  a  few  aphids  on  them,  which  it  is  generally  sup- 
posed are  the  cause  of  the  trouble.  The  causes  of  these 
troubles,  however,  are  in  many  instances  to  be  traced  to 
conditions  which  are  peculiar  to  our  times.  In  this  age  of 
electric  lights,  trolley  cars,  sewers,  pavements,  gas,  and 
transmission  of  steam  for  heating  purposes,  it  must  be 
confessed  that  the  practice  of  setting  out  shade  trees  along 
the  borders  of  streets  in  our  cities  becomes  rather  discour- 
aging. The  price  of  enjoying  these  modern  appliances  of 
scientific  thought  means  more  than  the  mere  cost  of  digging 
up  our  city  streets  and  lopping  off  the  limbs  of  trees  every 
few  months ;  in  many  instances  it  means  the  death  of  many 
shade  trees,  and  it  may  eventually  lead  to  the  question 
whether  it  is  worth  while  to  bother  at  all  with  trees  for  our 
city  streets.  The  sickly,  disfigured,  mutilated  specimens 
of  trees  which  are  now  and  then  seen  in  our  busy  city  streets 
have  very  little  to  recommend  them,  and  in  many  cases 
thoroughfares  would  become  improved  without  them. 

Some  of  the  agencies  which  more  especially  affect  our 
trees  are  electricity,  gas  and  steam.  These  may  affect  the 
tree  directly,  by  escaping  and  coming  in  contact  with  some 
portion  of  it,  or  indirectly  as  by  the  lopping  of  limbs  for 
wires  or  the  digging  of  trenches  for  the  pipes,  which  very 
frequently  results  in  destroying  portions  of  the  root  system. 
There  are  other  agencies,  however,  which  are  associated  with 
the  death  of  the  tree.  One  of  these  is  the  borer  that  is  very 
troublesome  to  the  rock  maple.  Trees  affected  with  these 
can  be  readily  detected  by  an  examination  of  the  bark  of  the 
tree  for  round  holes  about  one-quarter  of  an  inch  in  diameter, 
and  in  autumn  the  affected  limbs  can  be  readily  detected  by 
a  premature  coloration,  or  hectic  flush,  as  it  were,  of  the 
leaves.  Then,  again,  there  is  the  work  of  horses'  teeth, 
which,  according  to  Mr.  James  Draper,  who  has  had  many 
years'  experience  as  a  park  commissioner  at  "Worcester,  in- 
flicts more  damage  than  any  other  single  thing  to  city  trees. 
Many  of  the  specimens  of  diseased  shade  trees  which  are 
sent  in  to  us  year  after  year  can  be  referred  to  one  of  the 
above  as'encies  as  a  cause  of  the  trouble. 
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The  death  of  many  trees  can  be  referred  to  illuminating 
gas.  If  a  leak  occurs  in  the  pipe,  the  gas  escapes  very 
readily  into  the  soil,  especially  if  it  is  porous,  and  when  it 
comes  in  contact  with  the  roots  they  are  asphyxiated,  and 
the  result  to  the  tree  manifests  itself  very  quickly.  The 
symptoms  of  gas  poisoning  are  most  generally  a  sudden 
falling  of  the  leaves,  a  deadened  appearance  of  the  bark, 
due  to  the  collapse  of  the  cambium  or  living  layer,  brought 
about  by  the  asphyxiation  of  the  roots,  which  results  in  the 
rapid  death  of  the  tree.  In  mild  instances  of  poisoning  the 
effect  shows  only  upon  one  side  of  the  tree,  but  in  general 
the  tree  seldom  escapes  death.  We  have  observed  many 
single  trees  killed  by  gas  on  the  private  grounds  of  city 
residences,  without  the  owner  ever  surmising  what  the 
trouble  was ;  and  this  last  summer  we  had  an  opportunity 
to  examine  whole  rows  of  native  trees  which  had  died  by  gas 
asphyxiation.  Some  of  the  trees  which  we  observed  were  at 
a  distance  of  fifty  feet  from  the  nearest  gas  main,  while  others 
succumbed  when  not  nearer  than  one  hundred  feet  to  the 
leak  in  the  pipes.  While  it  is  advantageous  to  all  gas  com- 
panies to  stop  these  leaks  as  soon  as  they  are  found,  it  be- 
comes practically  impossible  to  do  so  in  every  instance,  and 
the  death  of  trees  from  this  source  must  constantly  be  ex- 
pected. As  a  matter  of  fact,  the  death  of  some  fine  shade 
tree  is  not  infrequently  the  first  indication  the  gas  company 
has  of  a  leak  in  its  main. 

Abnormal  respiratory  conditions,  which  usually  result  in 
either  a  sudden  or  lingering  death  to  trees,  occur  where  they 
have  become  submerged  in  water,  or  where  they  have  been 
covered  with  a  foot  or  more  of  soil.  We  have  noticed  trees 
growing  beside  sloping  roadsides  which  had  become  filled  in 
with  earth  only  on  one  side  of  the  tree,  resulting  in  that  side 
of  the  tree  becoming  dead,  while  the  other  side  would  linger 
along  in  an  unhealthy  condition  for  years. 

Less  often  does  the  death  of  trees  result  from  steam,  as 
the  transmission  of  this  is  not  so  common.  Occasionally, 
however,  where  steam  pipes  are  laid  near  trees,  they  are 
sometimes  injured. 

The  various  forms  of  concrete  and  pavements  and  the  large 
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surface  of  the  ground  covered  by  them  about  the  city  streets 
are  a  menace  to  the  health  of  trees,  and  the  sickly  conditions 
which  they  present  are  often  due  to  these.  Some  of  our  more 
modern  city  streets  obviate  this  matter  by  leaving  a  wide 
space  of  turf  between  the  sidewalk  and  road,  for  the  purpose 
of  planting  trees.  This  gives  the  roots  a  chance  to  develop 
normall}^  inasmuch  as  the  respiratory  functions  are  not  in- 
terfered Avith,  as  is  the  case  when  they  are  covered  with 
pavements.  Many  of  the  streets  in  Springfield  are  especially 
commendable  in  this  direction. 

Not  a  little  of  the  disfiguration  of  trees  is  directly  due  to 
the  linemen  in  lopping  limbs,  and  more  especially  to  the 
direct  efi'ect  of  electric  currents.  We  have  observed  no  in- 
stance where  electricity  has  killed  a  tree  outright,  but  there 
are  many  cases  where  the  limbs  have  been  killed  by  burning. 
This  effect  is  not  only  caused  by  the  alternating  current  of 
the  electric  lights,  but  by  the  direct  current  of  the  trolley 
system;  the  latter  current  being  probably  more  injurious, 
provided  the  same  amount  of  amperes  and  voltage  is  em- 
ployed. The  damage  done  by  grounded  wires  takes  place 
when  trees  are  moist,  as  at  that  time  the  resistance  is  re- 
duced, and  the  current  becomes  increased  and  has  a  better 
opportunity  to  become  dispersed.  We  have  known  of  in- 
stances where  trees  and  the  grass  for  some  distance  about 
them  have  been  charged  with  the  escaping  current.  The 
damage  to  the  trees,  however,  is  due  to  the  heating  effect 
of  electricity.  The  wire  becomes  grounded  on  a  limb,  and 
when  moist  the  current  escapes.  At  first  comparatively 
little  current  passes  through  the  limb,  as  the  resistance  is 
high ;  but,  as  the  heat  increases  the  resistance  decreases, 
with  the  result  that  a  large  amount  of  current  passes  through, 
which  gives  rise  to  still  more  heat,  and  subsequently  develops 
into  a  blaze.  The  action  of  electricity,  as  we  have  already 
stated,  is  local  in  its  effects.  The  injury,  while  sufficient  to 
kill  every  portion  above  the  limb  or  trunk,  does  not,  so  far 
as  our  observation  goes,  destroy  the  tissues  very  far  above 
the  point  of  grounding.  There  are  reasons  for  believing, 
however,  that  the  effects  of  the  direct  current  are  more 
severe  than  those  of  the  alternatino-  current.     In  the  case  of 
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the  alternating  current  the  anode  and  cathode  alternate  very 
quickly,  while  in  the  direct  current  no  alternation  takes 
place,  and  this  results  in  an  electrolysis  of  the  cells,  which 
in  turn  produces  disintegration  and  quick  death  to  the  pro- 
toplasm. In  short,  we  may  say  that  all  of  the  injury  to  trees 
by  electricity  is  brought  about  by  heating,  and  by  electroly- 
sis and  disintegration  of  the  cell  contents.  Some  observa- 
tions made  by  Professor  Hartig  of  Munich  upon  the  effects 
of  lightning  on  trees  are  interesting  in  connection  with  the 
subject  of  electricity.  He  observed  that  when  a  tree  is 
struck  by  lightning  the  current  usually  travels  along  the 
cambium  zone  or  living  layer  of  the  tree,  just  under  the 
bark,  inasmuch  as  at  this  point  the  current  finds  the  least 
resistance.  Sometimes  the  burning  effect  is  more  marked 
just  inside  and  outside  of  the  cambium  layer,  where  the  re- 
sistance is  slightly  greater,  —  a  feature  which  is  shown  by 
the  dead  areas  in  the  trees  many  years  after.  There  are 
many  trees  struck  by  lightning  which  show  scarcely  any 
injury,  and  others  will  show  only  a  small  dead  area  which 
coincides  with  the  path  of  the  current.  Professor  Hartig 
has  made  many  observations  upon  trees  struck  by  lightning, 
and  his  practised  eye  is  able  to  detect  trees  that  have  been 
so  affected  which  to  the  ordinary  observer  would  appear 
perfectly  sound. 
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Massachusetts  Agrictjittjhal  College, 
Amherst,  Jan.  4,  1900. 

To  His  Excellency  W.  Murray  Crane. 

SiE :  —  I  have  the  honor  to  transmit  herewith,  to  Your 
Excellency  and  the  Honorable  Council,  the  thirty-seventh 
annual  report  of  the  trustees  of  the  Massachusetts  Agri- 
cultural College. 

I  am,  very  respectfully,  your  obedient  servant, 

HENRY  H.    GOODELL, 

President, 
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April  4,  Wednesday,  spring  term  begins,  at  8  a.m. 
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ANNUAL  EEPOET  OF  THE  TRUSTEES 


MASSACHUSETTS  AGEICULTUEAL   COLLEGE. 


His  Excellency  the  Governo?'  and  the  Honorable  Council. 

Changes  in  the  faculty  during  the  past  year  have  been 
few.  Ralph  E.  Smith,  for  the  past  few  years  instructor,  has 
been  made  assistant  professor  of  botany.  Edward  R.  Flint, 
assistant  professor  of  chemistry,  resigned  at  the  opening  of 
the  present  college  year  to  pursue  a  course  in  medicine, 
and  his  place  has  been  filled  by  the  appointment  of  Samuel 
Francis  Howard,  a  graduate  of  the  college  in  1894,  and  who 
has  since  continued  his  studies  at  Johns  Hopkins.  A  fellow- 
ship, under  the  title  of  "instructor  in  chemistry,"  is  now 
offered  to  some  recent  graduate  who  desires,  in  connection 
with  his  regular  duties  as  instructor,  to  carry  on  advanced 
work  for  one  or  more  years.  The  advantages  of  this  are 
apparent.  It  increases  the  force  of  instructors,  and  thereby 
increases  the  efficiency  of  the  department ;  it  offers  an  in- 
centive to  one  young  man  annually  to  carry  on  advanced 
studies ;  and  it  furnishes  candidates  well  prepared  to  fill 
assistants'  positions  in  the  experiment  department,  as  well 
as  places  in  other  colleges,  experiment  stations  or  high 
schools.  The  position  has  been  held  by  Bernard  H.  Smith, 
a  graduate  in  1899.  The  advantages  to  both  instructor  and 
pupils  are  so  obvious  that  it  is  hoped  the  same  course  may 
be  adopted  in  other  departments.  I  would  call  particular 
attention  in  this  respect  to  those  of  botany  and  entomology. 
Dr.  Henry  T.  Fernald,  a  graduate  of  the  Maine  Agricultural 
and  Mechanical  College  in  1885  and  of  Johns  Hopkins  in 
1890,  has  been  appointed  professor  of  entomology  to  the 
college  and  assistant  entomologist  to  the  experiment  station. 
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This  addition  to  the  force  makes  it  possible  to  offer  a  more 
extended  course  of  instruction  to  those  students  electing 
entomology,  and  to  undertake  a  wider  system  of  help  to  the 
fruit  growers  and  farmers  of  the  Commonwealth. 

Requirements  for  entrance  have  been  slightly  modified  by 
dropping  descriptive  geography  and  the  metric  system  from 
the  list,  and  substituting  an  increased  amount  of  English. 
Candidates  will  not  be  accepted  in  English  whose  work  is 
notably  deficient  in  point  ^of  spelling,  punctuation,  idiom  or 
division  into  paragraphs.  The  candidate  will  be  required  to 
present,  at  the  examination  in  1900,  evidence  of  a  general 
knowledge  of  the  subject  matter  of  the  books  named  below, 
and  to  answer  simple  questions  on  the  lives  of  their  authors. 
The  form  of  examination  will  usually  be  the  writing  of  a 
paragraph  or  two  on  each  of  several  topics,  to  be  chosen  by 
the  candidate  from  a  considerable  number  —  perhaps  ten  or 
fifteen  —  set  before  him  in  the  examination  paper.  The 
treatment  of  these  topics  is  designed  to  test  the  candidate's 
power  of  clear  and  accurate  expression,  and  will  call  for 
only  a  general  knowledge  of  the  substance  of  the-  books.  In 
place  of  a  part  or  the  whol«  of  this  test,  the  candidate  may 
be  allowed  to  present  an  exercise  book,  properly  certified  by 
his  instructor,  containing  compositions  or  other  written  work 
done  in  connection  with  the  reading  of  the  books.  The  books 
set  for  this  examination  in  1900  are:  "The  Sir  Roger  de 
Coverley  Papers,"  in  ♦'  The  Spectator  ;  "  Goldsmith's  "  The 
Vicar  of  Wakefield  ;  "  Scott's  "  Ivanhoe  ;  "  Cooper's  "  The 
Last  of  the  Mohicans  ;  "  Whittier's  "  Snow  Bound." 

In  the  regular  curriculum,  to  allow  of  advanced  work  in 
French  and  German,  which  languages  are  especially  neces- 
sary on  all  matters  of  science,  provision  has  been  made  for 
both,  as  required  studies  in  the  freshman  and  sophomore 
years  respectively,  and  as  electives  in  the  senior  year. 
Book-keeping  has  been  dropped  from  the  studies  of  fresh- 
man year  and  is  continued  in  the  short  winter  courses. 

The  new  rule  that  went  into  effect  at  the  June  examination, 
by  which  candidates  could  be  received  without  examination, 
on  certificates  from  the  principals  of  schools  of  approved 
course  and  training,  resulted  in  the  entrance  of  a  larger 
class   than    usual.     Sixty-five    presented  themselves  at  the 
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time  appointed,  and  fifty-four  were  admitted.  With  few 
exceptions,  the  scholarship  was  quite  up  to  the  average  and 
the  results  were  highly  gratifying.  The  history  of  educa- 
tion shows,  the  world  over,  that  there  can  be  no  such  thing 
as  a  satisfactory  system  of  education  for  the  masses  of  the 
people  unless  it  be  fed  by  a  large  and  liberal  provision  of 
higher  education.  The  higher  education  is  to  the  common 
schools  as  the  ocean  to  the  mountain  spring,  —  continually 
sending  back  the  dew  and  the  rain  to  supply  them ;  it  is  as 
the  tree  to  the  fruit ;  it  is  as  the  sun  to  the  planets,  —  hold- 
ing all  in  their  appointed  course.  From  the  higher  institu- 
tions come  not  only  the  teachers  to  lead  and  guide  the  lower, 
but  that  great  body  of  learning  and  intelligence  which  creates, 
moulds  and  enriches  the  public  sentiment  that  supports  the 
common  schools.  Our  educational  system  can  never  be 
fully  worthy  of  the  name  till  there  shall  be  in  every  Massa- 
chusetts village  and  country  town  the  foot  of  a  ladder,  the 
topmost  rung  of  which  shall  reach  to  the  top  of  the  Massa- 
chusetts Agricultural  College  ;  and  the  time  must  come  when 
it  will  be  quite  as  natural  for  a  pupil  to  look  forward  from 
the  high  school  to  work  in  the  college,  as  to  look  forward 
from  the  grades  or  grammar  schools  to  work  in  the  high. 

The  appropriation  made  by  the  Legislature  of  1898  for 
the  establishment  and  maintenance  of  a  veterinary  plant  at 
the  college  has  been  judiciously  expended  by  the  committee 
having  the  matter  in  charge.  The  contractors,  Henry 
Mellen  &  Son  of  Worcester,  selected  as  the  lowest  bidders 
out  of  sixteen  competitors,  have  completed  their  work  in 
the  most  thorough  and  satisfactory  manner,  and  we  take 
pleasure  in  testifying  to  the  faithful  fulfilling  of  their  con- 
tract. Outside  of  Cambridge  and  Boston  there  are  no  build- 
ings of  similar  construction  and  purpose  in  the  State ;  and 
it  seems  fitting,  therefore,  to  insert  the  following  report  and 
description  prepared  by  the  professor  in  charge  :  — 

The  frontispiece  and  accompanying  drawings  give  a  general 
view  and  floor  plan  arrangement  of  the  new  veterinary  laboratory 
and  hospital  stable,  for  the  erection  of  which  the  Legislature  of 
1898  appropriated  the  sum  of  $25,000. 

The  buildings  are  located  on  the  west  side  of  the  road,  south  of 
the  drill  hall,  nearly  on  the  site  of  the  old  farm  buildings.     Both 
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are  of  brick,  with  brownstone  trimmings.  The  laboratory  is  a 
two-story  building,  with  basement.  The  style  of  architecture  is 
colonial.  From  the  foundation  to  the  water  table  the  walls  are  of 
brownstone  broken  ashlar  work.  On  the  ground  floor  are  the 
student  laboratory,  lecture  room,  office  and  private  laboratory, 
small  animal  room  and  storerooms.  The  general  laboratory 
occupies  the  entire  floor  on  the  north  side,  to  the  right  of  the  hall. 
It  is  provided  with  fume  chambers,  incubator  room,  store  closets, 
balance  room  and  a  large  brick  incubator  with  close-fitting  iron 
door.  The  latter  is  to  be  used  for  the  preparation  of  large 
quantities  of  cultures,  or  of  tuberculin,  mallein  and  such  other 
bacterial  products  as  may  seem  desirable.  To  avoid  as  far  as 
possible  the  vibration  usually  occurring  on  floors  constructed  in 
the  ordinary  manner,  rendering  satisfactory  work  with  the  micro- 
scope impossible,  to  protect  the  occupants  from  dangers  of  in- 
fection and  to  provide  for  easy  and  effective  disinfection,  the  floor 
in  this  part  of  the  building  has  been  built  of  masonry  and  asphalt, 
supported  upon  rolled  steel  I  beams.  Opposite  each  window  on 
the  north  side  and  in  the  bay  window  in  front  there  are  tables  of 
special  design  for  microscopic  work,  each  of  which  will  accommo- 
date two  students.  To  the  left  of  the  main  entrance  is  a  large 
office  and  laboratory  for  the  use  of  the  professor  of  the  depart- 
ment. In  the  rear  of  the  hall  is  the  lecture  room,  being  of  suffi- 
cient size  to  seat  about  forty  students.  Adjoining  this  on  the 
south  side  are  the  small  animal  room  and  storeroom.  These  have 
asphalt  floors  similar  to  that  in  the  laboratory.  The  interior  walls 
of  the  laboratory,  class  room  and  animal  room  are  of  enamelled 
brick,  permitting  easy  cleaning  and  perfect  disinfection.  On  the 
second  floor  are  private  laboratories,  the  museum,  a  photographing 
room  and  dark  room.  An  elevator  runs  from  the  basement  to  the 
attic,  facilitating  the  transportation  of  material  from  the  museum 
to  the  class  room.  The  building  is  provided  with  a  combination 
heating  and  ventilating  system.  A  continual  current  of  warm, 
fresh  air  is  brought  into  the  rooms  through  vertical  wall  ducts 
connected  with  the  stacks  in  the  cellar  in  which  are  the  steam 
radiators.  The  impure  air  escapes  through  floor  registers  which 
lead  into  horizontal  ducts  in  the  cellar,  connected  with  a  large 
ventilating  stack.  Every  room  has  been  piped  for  sewage,  water 
and  gas,  and  wired  for  electricity. 

Fifty  feet  in  the  rear  of  the  laboratory  stands  the  hospital 
stable.  It  consists  of  three  parts,  —  a  central  portion  one  and 
one-half  stories  in  height,  a  single-story  L  on  the  south  side  of  the 
main  part,  and  a  one-story  addition  on  the  west  side.     On  the 
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right  of  the  main  entrance  of  the  central  building  is  an  office  and 
pharmacy,  on  the  left  the  grain  room.  In  the  rear  is  the  operating 
floor.  Only  animals  free  from  disease  are  kept  in  this  part  of  the 
stable.     The  upper  floor  is  used  for  storage  purposes. 

The  L  extending  to  the  south  and  west  of  the  main  building  has 
a  total  length  of  one  hundred  and  five  feet,  and  a  width,  including 
the  porch,  of  twenty-nine  feet.  It  is  divided  into  six  sections  by 
brick  wall  partitions,  extending  from  the  floor  to  the  ceilings. 
There  is  one  section  for  horses,  two  for  cattle,  one  for  sheep  and 
swine,  and  two  isolation  rooms  for  the  confinement  of  animals 
suffering  from  contagious  diseases.  There  exists  no  means  of 
communication  between  the  different  sections  except  by  way  of 
the  doors  which  open  into  the  covered  passageway  outside.  Each 
apartment  is  provided  with  water,  heat  and  electric  light,  and  each 
has  a  separate  cupola  for  ventilation.  The  dog  kennels,  dissecting 
and  post-mortem  rooms  and  section  for  poultry  are  located  in  the 
addition  to  the  rear  of  the  main  stable. 

Throughout,  the  idea  has  been  to  provide  a  hospital  stable,  in 
which  animals  suffering  from  disease  might  be  kept,  limiting  as 
far  as  possible  the  spread  of  infection  from  one  to  another,  and 
providing  for  easy  and  thorough  disinfection.  To  this  end  all 
floors  have  been  made  of  artificial  stone  laid  directly  upon  the 
ground,  the  ceilings  have  been  plastered,  and  walls  and  ceilings 
made  perfectly  smooth  and  non-absorbent  by  means  of  paint. 
The  mangers  for  cattle  are  of  brick,  made  water-tight  by  the  use 
of  Portland  cement.  Cast-iron  stall  floors,  mangers  and  hay 
racks  of  different  patterns  for  horses  have  been  put  in,  to  afford 
the  students  an  opportunity  of  comparison. 

The  erection  of  the  buildings  was  begun  the  last  of  August, 
1898,  and  completed  about  July  1,  1899.  They  have  been  occu- 
pied by  the  department  since  the  opening  of  the  college  year  in 
September,  and  have  been  found  to  be  well  adapted  for  the  pur- 
poses for  which  they  were  intended.  The  appropriation  for  their 
construction  has  been  sufficient  for  their  completion  according  to 
the  original  plans  and  specifications,  besides  allowing  for  the  pur- 
chase of  a  portion  of  the  equipment. 

Having  now  at  our  command  every  facility  for  the  study  of 
animal  diseases,  the  department  invites  every  one  in  the  State 
interested  in  animal  husbandry  to  send  specimens  from  diseased 
animals  for  examination,  and,  in  case  of  outbreak  of  obscure  dis- 
eases among  domestic  animals,  to  communicate  with  the  under- 
signed regarding  the  same. 

Respectfully  submitted,  James  B.  Paige,  D.V.S. 
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The  finances  of  the  college  require  the  most  careful  con- 
sideration. The  assets  may  be  divided  into  two  classes, 
those  that  may  be  used  for  maintenance  for  the  current  ex- 
penses of  the  college,  and  those  donated  for  special  pur- 
poses and  which  cannot  be  used  for  maintenance.  We 
find  the  income  from  the  maintenance  funds  amountins:  to 
$44,601.78,  while  the  liabilities,  on  the  basis  of  expenditure 
for  the  year  1899,  foot  up  to  $46,554.16,  or  an  excess  of 
$1,952.38  over  the  receipts.  We  find  the  income  from  the 
non-maintenance  funds  reaching  the  sum  of  $30,000.  Of 
the  available  funds  for  maintenance,  the  United  States  fur- 
nishes $23,966.66  and  the  State  $19,135.12. 


Statement  of  Resources  and  Liabilities  on  the  Basis  of  Receipts 
AND  Expenditures  for  the  Year  1899. 


Lial 
Salax'ies, 

nlitie 

s. 

f28,104  16 

Farm  appropriation, 

3,000  00 

Horticultural  appropriation,    . 

2,600  00 

Dairy  school,    .... 

1,000  00 

Expense,  labor, 

2,500  00 

repairs,     . 

700  00 

apparatus  and  material. 

300  00 

reading  room,  . 

160  00 

fuel,. 

2,000  00 

water, 

400  00 

incidentals, 

2,000  00 

electric  equipment,  . 

2,500  00 

insurance. 

600  00 

advertising. 

700  00 

146,564  16 

For  Mamtenance. 

Income  from  Morrill  fund,  U.  S., $16,666  66 

from  endowment  fund,  U.  S.  and  State, 

11,436  12 

from  scholarship  fund.  State,     . 

10,000  00 

from  maintenance  fund.  State,    . 

5,000  00 

from  rents,  . 

1,500  00 

$44,601  78 

Funds  used  for  Special  Purposes,  but  not  Maintenance. 

Labor  fund.  State, $5,000  00 

Experiment  station.  State, 10,000  00 

Experiment  station,  U.  S., .     15,000  00 

$30,000  00 
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The  college  was  founded  in  1862,  by  act  of  Congress, 
donating  360,000  acres  of  the  public  lands,  the  income  de- 
rived from  the  sale  of  which  was  to  be  used  inviolably  for 
teaching.  In  1863  the  Commonwealth  accepted  this  grant 
with  all  its  conditions  :  ^.  e.,  the  establishment  of  a  college 
where  the  leading  object  shall  be,  without  excluding  other 
scientific  and  classical  studies  and  including  military  tactics, 
to  teach  such  branches  of  learning  as  are  related  to  agri- 
culture and  the  mechanic  arts,  in  such  manner  as  the  Legis- 
latures of  the  States  may  respectively  prescribe,  in  order  to 
promote  the  liberal  and  practical  education  of  the  industrial 
classes  in  the  several  pursuits  and  professions  of  life. 

In  1863  the  income  was  divided,  giving  one-third  to  the 
Institute  of  Technology  and  two-thirds  to  establishing  and 
maintaining  a  college  of  agriculture.  The  amount  realized 
by  the  sale  of  lands  was  $219,000,  and  to  this  in  1871  the 
State  added  $141,575.35,  creating  a  perpetual  endowment 
fund  of  $360,575.35,  two-thirds  of  the  income  of  which  is 
paid  to  this  college.  It  yields  from  $10,500  to  $11,400. 
In  1890  the  United  States  government  further  increased  the 
funds  of  the  college  by  an  annual  appropriation  of  $16,666. 
Tuition  having  been  made  free  to  citizens  of  Massachusetts 
in  1886,  the  State  granted  $10,000  annually  for  scholar- 
ships. In  1896  it  continued  for  four  years  a  grant,  made 
originally  in  1889,  of  $5,000  for  the  purpose  of  establish- 
ing certain  chairs  of  instruction. 

The  condition  of  the  grant  of  1862  was  that  a  college  — 
not  a  military  or  trades  school  —  should  be  established  and 
maintained.  The  great  founder  of  all  these  national  insti- 
tutions of  agriculture  and  the  mechanic  arts,  the  Hon.  Justin 
S.  Morrill  of  Vermont,  thus  interprets  his  own  bill :  — 

Obviously  not  manual,  but  intellectual,  instruction  was  the  para- 
mount object.  It  was  not  provided  that  agricultural  labor  in  the 
field  should  be  practically  taught,  any  more  than  that  the  mechani- 
cal trade  of  a  carpenter  or  blacksmith  should  be  taught.  It  was  a 
liberal  education  that  was  proposed.  The  act  of  1862  proposed  a 
system  of  broad  education  by  colleges  not  limited  to  a  superficial 
and  dwarfed  training,  such  as  might  be  supplied  by  the  foreman 
of  a  workshop  or  by  a  foreman  of  an  experimental  farm.  If  any 
would  have  only  a  college   with   equal  scraps  of  labor  and  in- 
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struction,  or  something  other  than  a  college,  they  would  not  obey 
the  national  law.  Experience  in  manual  labor,  in  the  handling  of 
tools  and  implements,  is  not  to  be  disparaged,  —  in  the  proper 
time  and  place  it  is  most  essential ;  and  generally  something  of 
this  may  be  obtained  either  before  or  after  the  college  term,  but 
should  not  largely  interfere  with  the  precious  time  required  for  a 
definite  amount  of  scientific  and  literary  culture,  which  all  earnest 
students  are  apt  to  find  far  too  limited. 

In  his  far-sighted  policy,  the  author  of  the  above  state- 
ment saw  that  laboratory  work  would  take  the  place  of 
manual  labor,  —  for  the  laboratory  is  the  pivot  on  which  the 
modern  college  wheels.  The  principles  laid  down  in  the 
lecture  room  are  verified  and  proved  true  by  the  student 
himself  in  the  laboratory.  There,  whether  in  physics,  chem- 
istry, entomology,  botany,  agriculture  or  any  other  science, 
he  grapples  with  the  problems  offered  Snd  seeks  for  their 
solution.  Whether  it  be  the  feather  scale  of  some  destruc- 
tive insect,  or  the  atomic  weight  of  some  material,  all  alike 
must  go  to  the  laboratory  to  be  determined.  In  this  respect 
the  colleges  of  1900  differ  radically  from  the  colleges  of 
1862.  In  the  latter,  principles  and  facts  were  given  on  the 
authority  of  the  teacher,  and  accepted  as  such  without  com- 
ment ;  in  the  former,  these  same  principles  and  facts  are 
given  to  the  student  to  demonstrate  and  elucidate  for  him- 
self. This  necessarily  proves  an  increasing  item  of  expense, 
for  the  reason  that  to  renew  the  materials  expended  and  to 
furnish  the  delicate  apparatus  needed  requires  an  annual  out- 
lay and  expenditure. 

The  requirements  of  a  college  in  this  year  of  grace  1900 
are  infinitely  greater  than  one  in  1862,  and  the  funds  neces- 
sary for  its  maintenance  must  be  proportionally  greater. 
The  college  opened  in  1867  with  four  buildings.  They  now 
number  twenty-seven.  The  expenses  for  heat,  light,  water, 
care  and  wear  and  tear  have  immensely  increased,  and  must 
necessarily  continue  to  increase  as  the  buildings  grow  older. 
In  1867  there  was  no  equipment  and  no  library.  The  de- 
mands of  modern  science  now  require  costly  apparatus  and 
material  renewed  each  year.  The  library  now  numbers 
twenty  thousand  volumes.  Up  to  this  time  it  has  been 
cared  for  by  the  president ;  it  has  now  outgrown  his  care,  — 
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a  librarian  is  necessary.  An  annual  appropriation  for  bind- 
ing books  and  for  the  purchase  of  new  ones  is  required,  for 
a  college  without  a  library  would  be  like  a  carpenter's  shop 
without  its  tools.  Books  are  the  tools  of  both  teacher  and 
pupil.  A  library  is  perhaps  the  most  important  adjunct  of 
instruction.  It  is  open  to  all  and  is  used  by  all.  During 
the  past  year  more  than  thirty  thousand  volumes  were  taken 
out  for  study,  —  not  for  pleasure,  for,  in  the  twenty  thou- 
sand volumes  found  upon  the  shelves,  scarcely  two  hundred 
are  works  of  fiction.  In  every  department  of  science 
throughout  the  world  the  keenest  intellects  are  at  work, 
seeking  for  solutions  to  the  unending  series  of  problems 
that  present  themselves  in  the  physical  and  natural  world. 
"Light,  more  light,"  said  the  dying  philosopher,  and  the 
longing  of  the  world  is  but  the  echo  of  his  last  faint  cry. 
To  do  our  duty  and  to  give  reply  to  the  many  demands  made 
upon  us  requires  all  the  light  and  all  the  experience  of  other 
minds,  wheresoever  they  may  be  found. 

In  our  barn  we  keep  one  hundred  head  of  stock,  carrying 
out  an  experiment  for  the  benefit  of  the  farmers  of  this 
Commonwealth.  We  keep  pure  types  of  the  different 
breeds.  It  is  not  economy  to  do  this,  but  it  is  necessary 
for  educational  purposes.  In  the  greenhouses  and  on  the 
horticultural  grounds,  in  a  similar  manner,  types  of  plants 
and  fruits  are  kept  for  educational  purposes  which  do  not 
yield  any  great  income.  In  a  word,  the  expenses  have  in- 
creased in  a  greater  ratio  than  the  income. 

The  labor  fund,  established  by  the  Legislature  of  1889 
for  four  years  and  continued  by  the  Legislatures  of  1892  and 
1896,  expires  by  limitation  in  1900.  In  order  to  make  it 
operative  in  January,  1901,  it  is  necessary  to  ask  for  its 
renewal  this  year.  The  same  is  true  of  the  $5,000  mainten- 
ance fund,  established  the  same  year  and  continued  in  similar 
manner. 

The  experience  of  the  last  ten  years  shows  that  the  labor 
fund  has  solved  the  problem  how  wisely  to  assist  deserving 
students  who  must  have  pecuniary  aid  to  enable  them  to 
secure  the  education  the  college  offers.  A  truer  remark  was 
never  made  than  that  of  President  Hadley  in  his  inaugural 
address,  when  he  said  :  "  Aid  in  education,  if  given  without 
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exacting  a  corresponding  return,  becomes  demoralizing.  If 
it  is  earned  by  the  student  as  he  goes,  it  has  just  the 
opposite  effect."  Money  is  not  given  as  a  charity,  which  a 
self-reliant  man  might  refuse  to  accept,  but  is  paid  out  in 
wages  as  a  fair  compensation  for  services  rendered.  By 
means  of  it  the  students  are  employed  in  labor  which  is 
necessary  to  keep  the  several  departments  of  the  college  in 
efficient  action,  and  which,  at  the  same  time,  educates  the 
students  in  the  practical  use  of  the  principles  set  forth  in 
the  class  room.  To  hold  their  own  against  the  intense  com- 
petition of  to-day,  Massachusetts  manufacturers  in  self- 
defence  have  established  with  State  aid  the  Lowell  Textile 
School,  where  the  man  who  guides  the  machine  shall  be  so 
trained  that  he  shall  be  the  peer  of  any  operative  in  the 
world.  In  like  manner,  if  the  agriculture  of  the  State  shall 
maintain  itself,  no  young  man  who  is  willing  to  work  for  it 
should  be  denied  the  education  and  training  the  college 
gives,  because  neither  he  nor  his  relatives  have  the  money 
to  pay  the  necessary  expenses.  Every  dollar  spent  in 
setting  such  a  man  to  work  returns  a  three-fold  interest  on 
the  principal  invested :  first,  in  the  permanent  improvement 
of  college  property  ;  second,  in  the  equipment  of  the  student 
himself;  and  third,  in  the  work  such  a  trained  producer  of 
wealth  must  do  for  the  agriculture  and  the  agriculturists 
of  the  State.  During  the  last  five  years  the  number  of 
students  helped  in  this  way  has  been  :  — 


In  1895,  . 
In  1896, . 
In  1897, . 


80 

77 

75 


In  1898, 86 

In  1899, 100 


We  ask,  therefore,  for  a  renewal  for  four  years  of  the 
grant  of  $10,000,  made  by  the  Legislatures  of  1889,  1892 
and  1896,  for  the  creation  of  a  labor  fund,  and  to  provide 
the  theoretical  and  practical  education  required  by  the 
charter  of  the  college  and  the  law  of  the  United  States 
relating  thereto.  And  we  further  ask  for  an  additional  an- 
nual appropriation  for  four  years  of  $8,000,  for  the  follow- 
ing purposes,  to  wit :  $2,000  for  the  support  and  maintenance 
of  the  library ;  $3,000  for  instruction  in  drawing,  French, 
German  and  geology  ;  $1,000  for  furnishing  equipment  and 
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instruction  in  the  dairy  school ;  $1,000  for  renewing  the 
annual  waste  and  destruction  of  material  and  equipment ;  and 
$1,000  for  the  expense  account  of  the  college. 

In  addition  to  the  customary  reports,  I  have  the  honor  to 
submit  a  special  paper,  on  "The  Grass  Thrips,"  by  W.  E. 
Hinds. 

Respectfully  submitted,  by  order  of  the  trustees, 

HENRY  H.    GOODELL, 

President. 
Amherst,  Jan.  4,  1900. 
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THE   CORPOEATION. 


NATHANIEL   I.   BOWDITCH  of  Framingham, 
WILLIAM   WHEELER  of  Concord,      . 
ELIJAH   W.    WOOD  of  West  Newton, 
CHARLES   A.    GLEASON  of  New  Braintree, 
JAMES   DRAPER  of  Worcester,  . 
SAMUEL   C.   DAMON  of  Lancaster,    . 
HENRY   S.    HYDE  of  Springfield, 
MERRITT   I.    WHEELER  of  Great  Barrington, 
JAMES   S.    GRINNELL  of  Greenfield, 
CHARLES   L.   FLINT  of  Brooklinb,     . 
WILLIAM   H.    BOWKER  of  Boston,     . 
J.    D.    W.   FRENCH  of  Boston,     . 
J.   HOWE  DEMOND  of  Northampton, 
ELMER  D.   HOWE  of  Marlborough,  . 


TEBM 
EXPIRES. 

1901 
1901 
1902 
1902 
1903 
1903 
1904 
1904 
1905 
1905 
1906 
1906 
1907 
1907 


Members  Ex  Officio. 
His  Excellency  Governor  W.  MURRAY  CRANE, 

President  of  the  Corporation. 
HENRY  H.    GOODELL,  President  of  the  College. 
FRANK  A.   HILL,  Secretary  of  the  Board  of  Education. 
JAMES  W.  STOCK  WELL,  Secretary  of  the  Board  of  Agriculture. 


JAMES   S.   GRINNELL  of  Greenfield, 
Vice-President  of  the  Corporation. 


GEORGE  F.    MILLS  of  Amherst,  Treasurer. 


CHARLES   A.    GLEASON  of  New  Braintree,  Auditor. 
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Committee  on  Finance  and  Buildings  * 
JAMES    S.    GRINNELL.  HENRY   S.    HYDE. 

J.   HOWE  DEMOND.  SAMUEL   C.    DAMON. 

CHARLES   A.    GLEASON,  Chairman. 


Committee  on  Course  of  Study  and  Faculty.* 
WILLIAM   H.   BOWKER.  ELMER  D.   HOWE. 

CHARLES   L.   FLINT.  J.   D.   W.   FRENCH. 

WILLIAM   WHEELER,  Chairman. 


Committee  on  Farm  and  Horticultural  Department.* 
ELMER  D.   HOWE.  JAMES   DRAPER. 

NATHANIEL  I.   BOWDITCH.      MERRITT  I.    WHEELER. 
ELIJAH    W.    WOOD,   Chairman. 


Committee  on  Experiment  Department.* 
CHARLES  A.    GLEASON.  ELIJAH   W.   WOOD. 

WILLIAM   WHEELER.  WILLIAM   H.    BOWKER. 

JAMES   DRAPER,   Chairman. 


Committee  on  New  Buildings  and  Arrangement  of  Grounds. 
WILLIAM   WHEELER.  SAMUEL   C.    DAMON. 

CHARLES   L.    FLINT.  J.    D.   W.   FRENCH. 

JAMES    DRAPER,  Chairman. 


Board  of  Overseers. 
STATE  BOARD   OF   AGRICULTURE. 


Examining  Committee  of  Overseers. 
JOHN   BURSLEY  {Chairman),         .         of  West  Barnstable. 


C.   K.   BREWSTER, 
WESLEY   B.    BARTON, 
GEORGE  P.   SMITH, 
ALVAN   BARRUS,  . 


OP    WORTHINGTON. 

OF  Daltok. 

OF  Sunderland. 

OF  Goshen. 


*  The  president  of  the  college  is  ex  officio  a  member  of  each  of  these  committees. 
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The  Faculty. 

HENRY   H.   GOODELL,   LL.D.,  President. 

Professor  of  Modern  Languages. 

LEVI   STOCKBRIDGE, 

Professor  of  Agriculture,  Honorary. 

CHARLES    A.    GOESSMANN,  Ph.D.,  LL.D., 

Professor  of  Chemistry. 

SAMUEL  T.   MAYNARD,  B.Sc, 

,  Professor  of  Horticulture. 

CHARLES   WELLINGTON,  Ph.D., 

Associate  Professor  of  Chemistry. 

CHARLES   H.    FERNALD,  Ph.D., 

Professor  of  Zoology. 

Rev.    CHARLES   S.   WALKER,  Ph.D., 

Professor  of  Mental  and  Political  Science. 

WILLIAM   P.   BROOKS,  Ph.D., 

Professor  of  Agriculture. 

GEORGE  F.    MILLS,  M.A., 

Professor  of  English  and  Latin. 

JAMES   B.   PAIGE,  D.V.S., 

Professor  of  Veterinary  Science. 

GEORGE  E.  STONE,  Ph.D., 

Professor  of  Botany. 

JOHN   E.   OSTRANDER,  M.A.,  C.E., 

Professor  of  Mathematics  and  Civil  Engineering. 

HENRY  T.  FERNALD,  Ph.D., 

Professor  oj  Entomology. 

HERMAN   BABSON,  M.A., 

Assistant  Professor  of  English, 
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FRED   S.   COOLEY,  B.Sc, 

Assistant  Professor  of  Agriculture. 

{Animal  Husbandry  and  Dairying.) 

RICHARD   S.    LULL,  M.S., 

Assistant  Professor  of  Zoology. 

RALPH   E.    SMITH,  B.Sc, 
Assistant  Professor  of  Botany. 

{Instructor  in  Oerman.) 

PHILIP  B.   HASBROUCK,  B.S., 

Assistant  Professor  of  Mathematics. 

SAMUEL  F.  HOWARD,  B.Sc, 

Assistant  Professor  of  Chemistry. 

JOHN   ANDERSON,  Captain,  U.  S.  A. 

Professor  of  Military  Science  and  Tactics. 

BERNARD   H.    SMITH,  B.Sc, 

Instructor  in  Chemistry. 

ROBERT  W.   LYMAN,  LL.D., 

Lecturer  on  Farm  Law. 

E.    FRANCES   HALL, 

Librarian. 

ELISHA  A.   JONES,  B.Sc, 
Farm  Superintendent. 


Graduates  of  1899.* 

Armstrong,    William    Henry    (Boston 

Univ.),    ......  Cambridge. 

Beaman,  Dan  Ashley  (Boston  Univ.),  Leverett. 

Chapin,     William     Edward      (Boston 

Univ.), Chicopee. 

Dana,  Herbert  Warner  (Boston Univ.),  South  Amherst. 

Hinds,  Warren  Elmer  (Boston  Univ.),  Townsend. 

Hooker,  William  Anson  (Boston  Univ. ) ,  Amherst. 

*  The  annual  report,  being  made  in  January,  necessarily  includes  parts  of  two 
academic  years,  and  the  catalogue  bears  the  names  of  such  students  as  have  been 
connected  with  the  college  during  any  portion  of  the  year  1899. 
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Hubbard, George  Caleb  (Boston  Univ.),     Sunderland. 
Maynard,      Howard      Kddy      (Boston 

Univ.),    ......     Amherst. 

Merrill,    Frederic    Augustus     (Boston 

Univ.),    ......     Boston. 

Pingree,      Melviu      Herbert      (Boston 

Univ.),    ......     Denmark,  Me. 

Smith,      Bernard      Howard      (Boston 

Univ.), Middlefield. 

Smith,  Samuel  Eldredge,      .         .         .     Middlefield. 
Turner,     Frederick     Harvey     (Boston 

Univ.),    ......     Housatonic. 

Walker,  Charles  Morehouse,         .         .     Amherst. 

Total, 


14 


Senior  Class. 


Atkins,  Edwin  Kellogg, 
Baker,  Howard,  . 
Brown,  Frank  Howard, 
Campbell,  Morton  Alfred, 
Canto,  Ysidro  Herrera, 
Crane,  Henry  Lewis,    . 
Crowell,  Jr.,  Charles  Augustus, 
Crowell,  Warner  Rogers, 
Felch,  Percy  Fletcher, 
Frost,  Arthur  Forrester, 
Gilbert,  Ralph  Davis,  . 
Gile,  Alfred  Dewing,  . 
Halligan,  James  Edward, 
Harmon,  Arthur  Atwell, 
Hull,  Edward  Taylor,  . 
Kellogg,  James  William, 
Landers,  Morris  Bernard, 
Lewis,  James, 
Monahan,  Arthur  Coleman, 
Morrill,  Austin  Winfield, 
Munson,  Mark  Hayes, 
Parmenter,  George  Freeman, 
Saunders,  Edward  Boyle, 
Stanley,  Francis  Guy, 
West,  Albert  Merril,    . 
Total,  . 


North  Amherst. 

Dudley. 

Newton  Centre. 

Townsend. 

Cansahcat,  Mexico. 

Ellis. 

Everett. 

Everett. 

Worcester. 

South  Monmouth,  Me. 

Gilead,  Conn. 

Worcester. 

Roslindale. 

Chelmsford. 

Greenfield  Hill,  Conn. 

Amherst. 

Bondsville. 

Fairhaven. 

South  Framingham. 

Tewksbury. 

Huntington. 

Dover. 

South  wick. 

Springfield. 

Brookville. 
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Junior  Class. 


Barry,  John  Cornelius, 
Bridgeforth,  George  RufHn, 
Brooks,  Percival  Gushing, 
Casey,  Thomas,  . 
Chickering,  James  Henry, 
Clarke,  George  Crowell, 
Cooke,  Theodore  Frederic, 
Curtis,  Ernest  "Waldo, 
Dawson,  William  Alucius, 
Dickerman,  William  Carlton, 
Dorman,  Allison  Rice, 
Gamwell,  Edward  Stephen, 
Gordon,  Clarence  Everett, 
Graves,  Jr.,  Thaddeus, 
Greeley,  Dana  Sanford  Bernard, 
Gurney,  Victor  Henry, 
Henry,  James  Buel, 
Howard,  John  Herbert, 
Hunting,  Nathan  Justus, 
Jones,  Cyrus  Walter,  . 
Leslie,  Charles  Thomas, 
Macomber,  Ernest  Leslie, 
Ovalle  Barros,  Julio  Moises, 
Pierson,  Wallace  Rogers, 
Rice,  Charles  Leslie,    . 
Rogers,  William  Berry, 
Root,  Luther  Augustus, 
Smith,  Ralph  Ingram, 
Tashjian,  Dickran  Bedross, 
Todd,  John  Harris, 
Whitman,  Nathan  Davis, 
Wilson,  Alexander  Cavassa, 
Total,  .... 


Amherst. 

Westmoreland,  Ala. 

Brockton. 

Amherst. 

Dover. 

Maiden. 

Austerlitz,  N.  Y. 

Canton. 

Worcester. 

Taunton. 

Springfield. 

Pittsfield. 

Clinton. 

Hatfield. 

East  Foxborough. 

Forge  Village. 

Scitico,  Conn. 

Littleton  Common. 

Shutesbury. 

Amherst. 

Pittsfield. 

Taunton. 

Santiago,  Chili. 

Cromwell,  Conn. 

Pittsfield. 

Cambridge. 

Deerfield. 

Leverett. 

Kharpoot,  Turkey. 

Rowley. 

South  Boston. 

Boston. 


32 


Sophomore  Class. 


Ball,  George  Treadwell, 
Belden,  Joshua  Herbert, 
Blake,  Maurice  Adin,  . 
Bodfish,  Henry  Look, . 
Carpenter,  Thorne  Martin, 


Holyoke. 
Newington,  Conn. 

Millis. 

Tisbury. 

Foxborough. 
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Chase,  William  Zachariah, 
Church,  Frederick  Richard, 
Claflin,  Leander  Chapin, 
Cole,  William  Richardson, 
Cook,  Lyman  Adams, 
Cooley,  Orrin  Fulton,  . 
Dacy,  Arthur  Lincoln, 
Dellea,  John  Martin,   . 
Dwyer,  Chester  Edwards, 
Fulton,  Erwin  Stanley, 
Gates,  Victor  Adolph, 
Greenman,  Fred  Howard, 
Hall,  John  Clifford,      . 
Hanlon,  Harold  Clinton, 
Hodgkiss,  Harold  Edward, 
Holder,  Walter  Safford, 
James,  Harold  Francis, 
James,  Hubert  Carey, 
Kinney,  Charles  Milton, 
Knight,  Howard  Law  ton, 
Lewis,  Claude  Isaac,   . 
McCobb,  Edmund  Franklin, 
Morse,  Ransom  Wesley, 
Paul,  Herbert  Amasa, 
Peabody,  Harry  Eldridge, 
Smith,  Samuel  Leroy, 
West,  David  Nelson,   . 
Total,  . 


Lynn. 

Ashfield. 

Philadelphia,  Pa. 

West  Boxford. 

Millis. 

South  Deerfield. 

Boston. 

North  Egremont. 

Lynn. 

Lynn. 

Memphis,  Tenn. 

Haverhill. 

Rock  Bottom. 

North  Easton. 

Wilkinsonville. 

Lynn. 

Boston. 

Boston. 

Northampton. 

Gardner. 

Unionville. 

Milford. 

Belchertown. 

Lynn. 

Stoneham. 

South  Hadley. 

Northampton. 


32 


Freshman  Class. 


Allen,  Lilly  Bertha,     . 
Bacon,  Stephen  Carroll, 
Barrus,  George  Levi,  . 
Blake,  Ernest  Edward, 
Bowen,  Howard  Chandler, 
Bowler,  Patrick  Henry, 
Brooks,  Philip  Whitney, 
Carmody,  John  Francis, 
Cheever,  Herbert  Milton, 
Cook,  Joseph  Gershom, 
Dillon,  James  Henry,  . 
Franklin,  Harry  James, 
Harris,  Frederick  Arnold, 


Amherst. 

Leominster. 

Goshen. 

Gill. 

Rutland. 

Bondsville. 

Cambridge. 

Bondsville. 

West  Boylston. 

Clayton. 

Belchertown. 

Bernardston. 

Amherst. 


1900.] 


PUBLIC  DOCUMENT  — No.  31. 


27 


Higgins,  "Willis  Elmore, 
Hood,  William  Lane,  . 
Jones,  Gerald  Denison, 
Kelley,  Herbert  Thomas, 
Martin,  Henry  Thomas, 
Monahan,  Neil  Francis, 
Nersessian,  Paul  Nerses, 
O'Hearn,  George  Edmund, 
Parsons,  Albert, 
Parsons,  Josiah  Waite, 
Peebles,  William  Warrington, 
Perkins,  Edward  Lamson, 
Phelps,  Arthur  Augustus, 
Phillips,  Lee, 
Poole,  Elmer  Myron,  . 
Potter,  Eoland  Daniel, 
Proulx,  Edward  George, 
Richardson,  Harlan  Lewis, 
Robertson,  Richard  Hendrie, 
Snell,  Edward  Benaiah, 
Thompson,  Leslie  Irving, 
Tinker,  Clifford.  Albion, 
Tinkham,  Charles  Samuel, 
Tottingham,  William  Edgar, 
Tower,  Winthrop  Vose, 
Vance,  Phillip  Gifford, 
Webster,  Frank  Wallace, 
West,  Myron  Howard, 
Wollheim,  Ernest, 
Total,  . 


Winchester. 

Vandiver,  Ala. 

South  Framingham. 

Amherst. 

Amherst. 

South  Framingham. 

Marash,  Turkey. 

Pittsfield. 

North  Amherst. 

Northampton. 

Washington,  D.  C. 

Roxbury. 

Boylston. 

West  Hanover. 

North  Dartmouth. 

Rutland. 

Hatfield. 

Boxborough. 

Maiden. 

Lawrence. 

Middleborough. 

West  Tremont,  Me. 

Roxbury. 

Bernardston. 

Melrose  Highlands. 

Stow. 

Bay  State. 

Belchertown. 

Jersey  City,  N.  J. 


42 


Short  Winter  Courses. 


Adams,  John  D wight, 
Blair,  Curtis  Merritt,  . 
Buckley,  Clarence  Eaton,     . 
Carlson,  Axel  Gottfried, 
Carrington,  Edward  Seymour, 
Frost,  George  Howard, 
Goodfield,  William  Raymond, 
Jejeian,  Gabriel  Solomon,    . 

Krikorian,  Karakin  Krikor, 
Morton,  John  Bard  well, 


Westfield. 

Blandford. 

Dorchester. 

Shirley  Centre . 

Monterey. 

West  Newton. 

Gilbertville. 

Roomdigen,    Turkey-in- 

Asia. 
Tarsus,  Turkey. 
Amherst. 
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Nourse,  Arthur  Henry,    . 

.     Bolton. 

Nye,  Vaile  Elliott,  . 

.     Westfield. 

Randall,  Earle  Adams,    . 

.     Hadley. 

Sullivan,  Thomas  Francis, 

.     Amherst. 

Tallberg,  Claes  Alfred,   . 

.     Uxbridge. 

Total,      .... 

15 


Graduate  Course. 

For  Degree  of  M.S. 
,  Adjemian  (B.Sc,  M.  A.  C,  '98),  Avedis 

Garrabet,    ...... 

Babb  (Bates  College),  George  Francis,  . 
Baker  (Mt.  Holyoke  College),  Grace  B., 
Goessmann  (B.Sc,  M.  A.  C,  '97) ,  Charles 

Ignatius,      ...... 

Goodale    (A.B.,   Amherst  College   '98), 

Alfred  Shepard, 

Hemenway  (B.Sc. ,  M.  A.  C. ,  '95) , Herbert 

Daniel,        ...... 

Hinds  (B.Sc,  M.  A.   C,  '99),  Warren 

Elmer, 

Hooker  (B.Sc,  M.  A.  C,  '99),  William 

Anson,         ...... 

Knight  (B.Sc,   M.  A.  C,  '92),  Jewell 

Bennett,      ...... 

Pingree  (B.Sc,  M.  A.  C,  '99),  Melvin 

Herbert,      ...... 

Walker  (B.Sc,  M.  A.  C,  '99),  Charles 

Morehouse,           ..... 
Total, 


Kharpoot,  Turkey. 

Spencer. 

South  Hadley. 

Amherst. 

South  Amherst. 

Williamsville. 

Townsend . 

Amherst. 

Belchertown. 

Denmark,  Me. 

Amherst. 


11 


Resident  Graduates  at  the  College 

Cooley,  B.Sc,  Robert  Allen,  . 
Drew,  B.Sc,  George  Albert,  . 
Haskins,  B.Sc,  Henri  Darwin, 
Holland,  M.S.,  Edward  Bertram, 
Jones,  B.Sc,  Benjamin  Kent, 
Mossman,  B.Sc,  Fred  Way,  . 
Smith,  Jr.,  B.Sc,  Philip  Henry, 
Thomson,  B.Sc,  Henry  Martin, 
Wiley,  B.Sc,  Samuel  William, 
Total,       .... 


and  Experiment  Station. 

.  South  Deerfield. 

.  Westford. 

.  North  Amherst. 

.  Amherst. 

.  Middlefield. 

.  Westminster. 

.  South  Hadley  Falls. 

.  Monterey. 

.  Amherst. 
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Graduate  course :  — 

For  degree  of  M.S., 
Four-years  course :  — 

Graduates  of  1899, 

Senior  class, 

Junior  class. 

Sophomore  class, 

Freshman  class, 
Winter  course, 
Resident  graduates. 

Total,    . 
Entered  twice. 


Summary, 


11 

14 
25 
32 
32 
42 
15 
9 


180 
4 


Total, .         .176 
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SHORT  WINTER  COURSES. 

[All  courses  optional.] 

Agriculture. 


/.     General  Agriculture. 

II.    Animal  Husbandry. 

1. 

Soils  and  operations  upon  them, 

1. 

Introduction 

1 

drainage,  irrigation,  etc.,     . 

10 

2. 

Location  and  soil,    . 

2 

2. 

Farm  implements  and  machinery, 

5 

3. 

Building, 

4 

3. 

Manures  and  fertilizers,  . 

10 

4. 

Breeds  of  cattle,*     . 

10 

4. 

Crops  of  the  farm,  characteristics, 

5. 

Breeds  of  horses. 

6 

management,  etc.,        .        .        . 

10 

6. 

Grain  and  fodder  crops,* 

11 

5. 

Crop  rotation, 

2 

7. 

Foods  and  feeding,* 

11 

6. 

Farm  book-keeping, 

5 

8. 

Extra 

19 

7. 

Agricultural  economics,". 

11 

Total  hours, 

64 

8. 

Farm,  dairy  and  poultry  manage- 

ment,      

11 

Total  hours,      .... 

64 

*  "With  dairy  course. 

Dairying. 


111.    Lectures  and  Class-room  Work. 

The  soil  and  crops, .... 

The  dairy  breeds  and  cattle  breed- 
ing  

Stable  construction  and  sanitation, 
care  of  cattle 

Common  diseases  of  stock,  their 
prevention  and  treatment,  . 

Foods  and  feeding,  .... 

Book-keeping  for  the  dairy  farm 
and  butter  factory, 

Pasteurization  and  preparation  of 
milk  on  physicians'  prescrip- 
tions,      


22 


11 


10. 
11. 


///.    Lectures,  etc.  —  Concluded. 

Composition  and  physical  pecul- 
iarities of  milk;  conditions 
which  affect  creaming,  churn- 
ing, methods  of  testing  and 
preservation, 

Milk  testing,  .... 

Butter  making, 

Practice  in  aeration,  pasteuriza 
tion 


Total  hours. 


12 


156 


Horticulture. 


IV.    Fruit  Culture. 

1.  Introduction, 

2.  Propagation  of  fruit  trees  by  seed, 

budding,  grafting,  forming  the 
head,  digging,  planting,  pruning, 
training,  cultivation,  etc.,   . 

3.  Insects  and  fungous  diseases. 

Total  hours,      .... 

V.    Floriculture. 

1.  Greenhouse  construction  and  heat- 

ing  

2.  Propagation    of    greenhouse    and 

other  plants  by  seed,  cuttings, 
grafting,  etc. 

3.  Cultivation    of     rose,     carnation, 

chrysanthemum  and  orchids, 

4.  Propagation    and   care    of    green- 

house and  bedding  plants,  . 


V.    Floriculture  —  Concluded. 
Insects    and    fungi  which   attack 
greenhouse  plants,       ...         2 

Total  hours 33 

VI.    Market  Gardening. 

Introduction,  equipment,  tools, 
manures,  fertilizers,  etc.,   .        .         3 

Greenhouse  construction  and  heat- 
ing,         6 

Forcing  vegetables  under  glass,     .         3 

Seed  growing  by  the  market  gar- 
dener,     3 

Special  treatment  required  by  each 
crop, 10 

Insects  and  fungi,  with  remedies,  .         2 

Total  hours,      ....       27 
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Botany. 


VII,    Lectures  on  Injurious  Fungi  of  the 

Farm,    Garden,    Cfreenhouse,  Or- 
chard and  Vineyard, 

1.  Introduction 2 

2.  Nature  and  structure  of  rusts,       .  4 

3.  Nature  and  structure  of  smuts,      .  4 

4.  Nature  and  structure  of  mildews, .  4 

5.  Nature  and  structure  of  rots,         .  4 

6.  Beneficial  fungi  of  roots,        .        .  2 

7.  Edible  mushrooms,         ...  2 


Total  hours. 


22 


VIII,    Lectures   and    Demonstrations  on 
"Sow  Plants  Grow." 

1.  Introduction, i 

2.  The  parts  of  a  plant,     ...  1 

3.  Structure  of  the  cell  and  plant  in 

general 3 

4.  Functions  ofroot,  stem  and  leaves,  3 

5.  Food  of  plant  obtained  from  air,  .  3 

6.  Food  of  plant  obtained  from  soil,  3 

7.  Transference  and  elaboration  of 

food 2 

8.  Growth  of  plants 2 

9.  Effects   of  light,  moisture,  heat 

and  cold 2 

10.  Root  tubercles  on  pea  and  clover,  1 

11.  Cross  fertilization  of  flowers,       .  1 

Total  hours,     ....  22 


Chemistry. 


IX,     General  Agricultural  Chemistry. 

1.  Introduction,    .... 

2.  The  fourteen  elements  of  agricult- 

ural chemistry,     . 

3.  Rocks  and  soils, 

4.  The  atmosphere, 

5.  The  chemistry  of  crop-growing, 

6.  Fertilizers,        .... 

7.  Animal  chemistry,  . 

Total  hours,     . 


X.    Chemistry  of  the  Dairy, 

1.  Introduction, 

2.  The  fourteen  elements  of  agricult- 

ural chemistry,     .... 

3.  The  physical  properties  of  milk,  . 

4.  Analysis  of  milk,  butter,  cheese 

and  other  dairy  products,  . 

5.  Chemistry  of  the  manufacture  of 

dairy  products,     .... 

Total  hours,      .... 


Zoology. 


XI,    Animal  Life  on  the  Farm, 
Total  hours 


XII.      Insect   Friends    and    Foes   of    the 
Farmers, 
Total  hours 33 
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AGRICULTURE. 

(a)  The  origin  and  formation  of  soils,  their  physical  properties 
and  how  to  improve  them ;  (b)  tillage,  subsoiling,  drainage  and 
irrigation ;  (c)  use  of  fertilizers  and  manures ;  (d)  farm  imple- 
ments and  plans  of  farm  buildings  ;  (e)  animal  husbandry,  breeds, 
stock  breeding  and  feeding.  As  aids  to  practical  instruction,  there 
are  models  of  the  domestic  animals  ;  a  farm  of  four  hundred  acres  ; 
a  barn  with  one  hundred  head  of  stock,  types  of  the  leading  breeds, 
and  a  complete  dairy  outfit,  where  the  operations  of  pasteurizing 
milk  and  cream,  butter  making,  milk  testing  and  separation  of 
cream  are  carried  on. 


BOTANY. 


The  course  in  botany  commences  with  the  study  of  the  simpler 
features  connected  with  the  plant,  and  it  is  pursued  in  the  follow- 
ing order :  (a)  structural  botany  (morphology  and  anatomy)  ; 
(h)  systematic  botany  and  flower  analysis  (taxonomy  and  classi- 
fication) ;  (c)  study  of  useful  plants  (economic  botany) ,  including 
grasses,  trees,  shrubs,  etc.  ;  (d)  study  of  the  function  (physi- 
ology) and  minute  structure  (histology)  of  a  few  typical  plants. 
The  following  course  is  elective  :  (e)  cryptogamic  botany,  with 
special  reference  to  plant  diseases  (plant  pathology)  ;  (/)  physi- 
ological botany,  or  study  of  the  more  complicated  plant  functions. 

Besides  the  above  course,  there  is  one  outlined  for  graduate  stu- 
dents, which,  besides  containing  more  or  less  general  botany,  is 
devoted  to  vegetable  physiology  and  vegetable  pathology. 

Throughout  all  of  the  courses  "laboratory  methods"  prevail, 
which  are  supplemented  by  lectures  and  text-books.  For  practical 
work  there  is  a  laboratory  abundantly  supplied  with  dissecting  and 
compound  microscopes,  microtomes,  histological  reagents,  and 
numerous  appliances  for  illustration  and  investigation  of  the 
phenomena  of  plant  life. 


CHEMISTRY. 


The  chemical  department  teaches  the  composition,  the  value  and 
the  uses  of  all  products  of  nature  and  of  art.  This  study  is  an 
essential  part  of  the  training  of  the  farmer,  the  manufacturer,  the 
business  man,  the  physician  and  the  advanced  student  of  any  sub- 
ject, for  it  deals  with  the  ultimate  character  of  all  kinds  of  matter. 
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The  special  fields  of  study  are  mineral  and  organic,  the  latter 
including  vegetable  and  animal  matter.  Each  of  these  is  studied 
by  analysis  and  synthesis  both  qualitative  and  quantitative.  There 
are  three  laboratories  to  suit  the  varying  wants  of  the  students. 


ENGLISH. 


The  aim  of  this  department  is  to  secure  :  (a)  ability  to  give  oral 
and  written  expression  of  thought  in  correct,  effective  English ; 
(6)  acquaintance  with  the  masterpieces  of  American  and  English 
literature  ;  (c)  ability  to  present,  logically  and  forcibly,  oral  and 
written  arguments  on  propositions  assigned  for  debate.  The  fol- 
lowing subjects  are  studied  :  — 

1.  Rhetoric.  — The  course  in  rhetoric  comprises  a  study  of  the 
choice  of  words,  the  theory  of  phraseology,  special  objects  in 
style,  the  sentence,  the  paragraph,  the  whole  composition  in  its 
plan,  arrangement  and  development.  This  is  followed  by  lectures 
on  invention,  in  which  the  elements  and  underlying  principles  of 
literature  are  discussed.  The  students  are  expected  to  give  practi- 
cal illustration  of  the  principles  taught  in  written  exercises,  themes 
and  compositions  that  are  required  throughout  the  course. 

Required  during  freshman  year  and  two  terms  of  sophomore 
year :  — 

2.  Elocution.  —  Individual  drill  in  declamation,  first  in  private 
and  then  before  the  class,  is  given  during  freshman  and  sophomore 
years.  The  choice  of  speakers  for  the  Burnham  prizes  is  based 
upon  this  work.  In  the  junior  year  at  least  two  orations  are  writ- 
ten, and  delivered  before  the  class  by  each  student.  Each  oration 
is  criticised  in  private  before  it  is  committed  to  memory.  Private 
rehearsal  prepares  the  student  for  his  appearance  before  the  class. 
The  choice  of  speakers  for  the  Flint  prizes  in  oratory  is  based 
upon  this  work,  in  part,  and  in  part  upon  general  proficiency  in 
the  studies  of  the  English  department. 

3.  Literature.  —  American  literature  is  studied  in  the  third  term 
of  sophomore  year,  and  English  literature  in  the  three  terms  of 
junior  year.  The  history  of  literature  is  made  secondary  to  the 
literature  itself ;  and  an  attempt  is  made  to  secure  familiarity  with 
authors  through  their  writings,  rather  than  through  what  others 
have  written  about  their  writings.  In  the  elective  English  of 
senior  year  attention  is  given  to  poets  and  prose  writers  of  the 
eighteenth  and  early  part  of  the  nineteenth  centuries.  At  least 
one  essay  on  each  author  studied  is  read  before  the  class,  and 
frequent  themes  on  subjects  suggested  by  the  text  are  required. 
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4.  Argumentation.  —  The  required  English  of  the  senior  year  is 
a  course  in  written  and  oral  argumentation.  The  principles  of  the 
subject  are  studied  by  the  aid  of  text-books,  and  their  practical 
illustration  and  use  are  secured  by  written  briefs  and  forensics  and 
by  oral  debate. 


HORTICULTURE. 


Instruction  is  given  in  :  (a)  fruit  culture  ;  (&)  market  garden- 
ing ;  (c)  floriculture  ;  (d)  forestry.  For  practical  work  there  are 
extensive,  well-stocked  orchards,  nurseries  and  greenhouses,  where 
the  production  of  fruit,  market-garden  and  greenhouse  crops  is 
constantly  carried  on. 


MATHEMATICS   AND   ENGINEERING. 

(a)  Pure  mathematics ;  (&)  physics ;  (c)  drawing ;  (d)  engi- 
neering. The  department  is  well  supplied  with  the  necessary 
instruments  for  surveying  and  engineering,  and  practical  work  in 
the  field  is  required.  A  laboratory  for  physics  has  recently  been 
opened,  where  the  student  can  solve  for  himself  problems  in 
mechanics,  electricity,  light  and  sound.  The  senior  engineering 
option  is  designed  to  give  to  the  student  the  necessary  engineering 
training  to  enable  him  to  take  up  and  apply,  on  the  lines  of  land- 
scape engineering  and  the  development  of  property,  his  knowl- 
edge of  landscape  gardening,  agriculture,  forestry,  botany  and 
horticulture.  It  embraces  a  course  of  lectures,  recitations  and 
field  work  on  the  following  subjects  :  topography,  railroad  curves, 
earth  work,  construction  and  maintenance  of  roads,  water  works 
and  sewerage  systems,  elementary  structures,  elementary  mechan- 
ism, etc. 


MILITARY. 


This  was  established  by  act  of  Congress,  and  all  students,  un- 
less physically  disabled,  are  required  to  attend  its  exercises.  Its 
object  is  threefold  :  first,  the  dissemination  of  military  knowledge 
throughout  the  country ;  second,  physical  exercise  and  muscular 
training ;  and  third,  to  inculcate  respect  and  obedience  to  those  in 
authority.  There  are  three  hours'  drill  per  week  for  the  whole 
college,  one  hour  recitation  for  the  senior  class  and  a  weekly  in- 
spection of  the  rooms  in  the  dormitory. 
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POLITICAL  SCIENCE. 

To  make  a  good  citizen  and  a  successful  man  of  business  is  the 
aim  of  this  department.  To  realize  this  aim  the  course  of  instruc- 
tion covers :  (a)  principles  of  political  economy ;  (6)  industrial 
history  of  England  and  America;  (c)  discussion  of  economic 
problems  ;  (d)  study  of  the  science  of  government,  including  de- 
scription of  the  several  parts  of  our  complex  system,  the  history 
of  its  development,  comparison  with  modern  and  ancient  European 
governments,  and  discussion  of  current  questions  of  governmental 
reform. 


VETERINARY. 

To  give  a  general  idea  of  the  principles  of  veterinary  science  in 
such  simple  and  comprehensive  manner  as  to  enable  one  to  give 
animals  under  his  supervision  such  care  and  treatment  as  will 
tend  to  secure  and  maintain  a  healthful  condition,  thereby  pre- 
venting the  occurrence  of  disease  among  them,  is  the  aim  of  the 
course  of  study  in  this  department,  (a)  The  hygiene  of  farm 
animals ;  (6)  the  anatomy  and  physiology  of  the  bony,  muscular, 
circulatory,  respiratory,  genital  and  digestive  systems  ;  a  study  of 
the  more  common  pathological  processes  and  the  general  causes, 
symptoms  and  effects  of  disease  ;  (d)  the  consideration  of  the 
diseases  of  the  different  organs,  particularly  as  regards  causes, 
effects  and  prevention  ;  (e)  the  nature,  action  and  uses  of  different 
drugs.     This  study  is  elective. 


ZOOLOGY. 


Physiology.  —  This  course  is  offered  to  the  sophomore  class 
during  the  winter  term,  and  extends  throughout  the  entire  eleven 
weeks,  four  hours  a  week.  It  is  taught  by  means  of  a  text-book, 
Martin's  "The  Human  Body"  (advanced  course),  supplemented 
by  lectures  and  demonstrations  on  the  skeleton  and  models.  The 
aim  is  to  give,  as  thoroughly  as  may  be,  a  knowledge  of  the  anat- 
omy of  the  human  system,  the  physiology  of  its  various  parts,  a 
general  idea  of  hygiene,  and  to  urge  upon  the  student  the  prac- 
tice of  its  teachings.  The  course  presupposes  an  elementary 
knowledge  of  the  subject,  so  that  the  result,  aside  from  its  own 
worth,  forms  a  valuable  aid  to  the  study  of  zoology  which  follows. 

Zoology.  —  Zoology  is  a  required  subject,  junior  year,  and  may 
be  divided  into  three  parts  ;  a  laboratory  course  in  comparative 
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anatomy,  a  lecture  course  in  general  zoology  and  a  course  in 
elementary  entomology.  During  the  fall  term,  eight  hours  a  week 
for  sixteen  weeks  are  spent,  mainly  in  the  laboratory,  where  a 
series  of  typical  forms,  ranging  from  the  amoeba,  and  other  micro- 
scopic animals,  through  the  earthworm,  clam,  squid,  lobster,  star- 
fish, sea-urchin,  shark,  frog  and  pigeon  to  the  cat,  are  dissected, 
studied  and  drawn.  Previous  to  the  dissection  of  any  form  a 
short  lecture  is  given,  which,  supplemented  by  a  full  list  of  labora- 
tory guides  and  other  text  books,  gives  the  student  a  sufficient 
knowledge  to  enable  him  intelligently  to  study  the  creature  before 
him.  Each  man  provides  himself  with  a  set  of  dissecting  instru- 
ments and  note  books,  but  all  other  apparatus  and  books  are 
owned  by  the  laboratory.  During  the  winter  term  a  series  of 
thirty  lectures  is  given,  covering  the  entire  subject  of  zoology, 
except  that  portion  having  reference  to  the  insects,  which,  because 
of  their  importance,  are  treated  in  a  separate  science.  The  aim 
here  is  to  supplement  and  render  orderly  the  knowledge  already 
gained  through  the  medium  of  the  microscope  and  scalpel,  and  the 
lectures  are  abundantly  illustrated  by  the  very  complete  museum 
belonging  to  the  department  and  containing  over  twelve  thousand 
specimens.  Collateral  reading  is  encouraged,  and  occasional 
quizzes  are  given,  as  a  test  of  a  student's  knowledge  from  all 
sources. 

Entomology.  —  A  course  of  six  hours  a  week  is  offered  in  ento- 
mology, during  the  summer  term,  its  aim  being  to  give  a  general 
knowledge  of  insect  anatomy,  and  physiology  and  a  systematic 
review  of  the  enJtire  group,  taking  as  types,  as  far  as  possible, 
those  forms  of  economic  interest  to  man,  and  at  the  same  time 
giving  an  idea  of  the  life  history  of  each  species  so  taken  and  the 
means  of  combating  it.  A  knowledge  of  insecticides  and  insecti- 
cide machinery  and  their  use  is  given.  An  interesting  feature  of 
the  course  is  the  collection  which  each  student  makes  and  arranges 
of  the  more  common  species  which  may  be  found  on  the  college 
grounds  and  the  nearby  region.  A  very  full  museum  collection 
serves  as  an  aid  to  identification  and  arrangement. 

Senior  Entomology.  —  During  the  senior  year  such  members  of 
this  class  as  elect  advanced  entomology  take  a  course  of  lectures 
on  the  external  and  internal  anatomy  of  insects,  and  on  the  various 
methods  by  which  the  injurious  forms  are  destroyed  or  held  in 
check.  The  laboratory  work  consists  of  a  critical  study  of  the 
external  and  internal  anatomy  of  members  of  the  different  groups, 
followed  by  the  determination  of  insects  of  each  group.  In  con- 
nection with  this  work  a  careful  study  of  the  literature  is  made, 
and  familiarity  with  the  analytical  keys  and  the  more  important 
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articles  on  injurious  species  is  obtained.  During  the  spring  term 
much  of  the  time  is  spent  in  the  field,  where  the  student  is  taught 
how  to  look  for  and  find  injuries  caused  by  insects,  to  recognize 
the  species  by  the  nature  of  the  injuries,  and  how  best  to  deal 
with  each  case,  either  by  the  use  of  insecticides  or  other  methods. 
Finally,  each  student  is  required  to  prepare  a  thesis  on  some 
insect  or  group  of  insects  pertaining  to  the  business  in  which  he 
intends  to  engage.  He  is  asked  at  the  beginning  of  the  year  what 
occupation  he  intends  to  follow  after  graduation,  and  is  then  ad- 
vised to  prepare  his  thesis  on  those  insects  with  which  he  will 
have  most  to  deal  in  the  business  he  has  selected.  In  the  prepa- 
ration of  this  thesis  the  work  is  carried  on  in  the  most  approved 
methods,  so  that  he  may  obtain  the  most  scientific  and  at  the  same 
time  practical  knowledge  of  the  subject ;  in  fact,  he  is  taught  such 
methods  of  investigation  that,  if  new  insect  pests  appear  on  his 
crops,  he  will  know  how  to  properly  investigate  them  and  discover 
the  best  and  cheapest  methods  for  their  destruction.  If  this  thesis 
when  completed  contains  information  of  public  interest,  whether 
of  an  economic  character  or  otherwise,  it  is  published,  with  what- 
ever illustrations  are  necessary. 

This  course  is  primarily  for  the  student  of  agriculture  or  horti- 
culture, but,  when  taken  in  connection  with  botany  and  chemistry, 
is  especially  adapted  to  one  wishing  to  fit  himself  as  a  teacher  of 
science  in  our  public  schools  or  to  one  intending  to  study  medi- 
cine,—  but  in  this  case  his  laboratory  work  would  be  devoted 
mainly  to  histology. 

Graduate  Entomology.  —  This  department  is  now  prepared  for 
and  is  receiving  graduates  from  this  and  other  colleges  who  wish 
to  continue  the  study  of  entomology  beyond  what  they  were  able 
to  do  in  their  undergraduate  course.  These  advanced  studies  will 
fit  them  for  positions  in  the  experiment  stations  or  as  State  ento- 
mologists, and  also  give  them  most  excellent  training  as  teachers 
in  our  high  schools  and  colleges. 

A  three-years  course,  leading  to  the  degree  of  Doctor  of  Phi- 
losophy, is  in  active  operation,  three  subjects  —  botany,  chemistry 
find  entomology,  arranged  as  a  major  and  two  minors  —  being 
required.  In  those  cases  where  entomology  is  chosen  as  the  major 
subject,  the  course  consists  of  lectures  and  laboratory  work,  some 
of  the  topics  treated  being  the  following  :  — 

General  morphology  of  insects :  embryology,  life  histories  and 
transformations,  histology,  phylogeny  and  relation  to  other  arthro- 
pods ;  hermaphroditism,  hybrids,  parthenogenesis,  paedogenesis 
and  heterogamy ;  colors,  —  chemistry  of  color  in  insects ;  lumi- 
nosity ;  deformities  of  insects  ;  variation  ;  duration  of  life. 
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(Ecology  of  insects  :  dimorphisms  ;  polymorphisms  ;  mimicry, 
warning  coloration ;  insect  architecture ;  fertilization  of  plants 
through  the  agency  of  insects  ;  instincts  of  insects ;  insect  prod- 
ucts of  value  to  man  ;  geographical  distribution  in  the  different 
f  aunal  regions  ;  methods  of  distribution  ;  insect  migrations  ;  geo- 
logical history  of  insects ;  insects  as  disseminators  of  disease  ; 
enemies  of  insects,    vegetable  and  animal,  including  parasitism. 

Economic  entomology :  general  principles  ;  insecticides  ;  appara- 
tus; special  cases  (borers,  etc.);  photography  of  insects  and 
their  work ;  methods  of  drawing  for  illustrations ;  field  work  on 
insects  ;  insect  legislation. 

Systematic  entomology  :  history  of  entomology,  including  classi- 
fications and  the  principles  of  classification  ;  laws  governing  nomen- 
clature ;  literature,  —  how  to  find  and  use  it ;  indexing  literature  ; 
number  of  insects  in  collections  and  in  existence  (estimated)  ; 
lives  of  prominent  entomologists ;  methods  of  collecting,  prepar- 
ing, preserving  and  shipping  insects ;  important  collections  of 
insects. 

In  connection  with  these  topics,  corresponding  laboratory  work 
is  given  as  far  as  possible,  and,  in  addition,  investigations  on  sub- 
jects not  previously  studied  are  made,  and  the  results  published  in 
the  form  of  graduation  theses. 


TEXT-BOOKS. 


Gray  —  "  Manual,"    American  Book  Company,  New  York. 

Darwin  and  Acton  —  "  Practical  Physiology  of  Plants."  University 
Press,  Cambridge. 

StrasbdrGtER — "Practical  Botany."  Swan,  Sonnenschein  &  Co., 
London. 

SoRAUER  —  "  Physiology  of  Plants."  Longmans,  Green  &  Co.,  New 
York  and  London. 

Campbell  —  "Structural  and  Systematic  Botany."  Ginn  &  Co., 
Boston. 

Knobel  —  "  Trees  and  Shrubs  of  New  England."  Bradlee  Whidden, 
Boston. 

Greiner  —  '-How  to  make  the  Garden  Pay."  Wm.  Maule,  Phila- 
delphia. 

Long  —  "  Ornamental  Gardening  for  Americans."  Orange  Judd  Com- 
pany, New  York. 

Taft  —  "  Greenhouse  Construction."  Orange  Judd  Company,  New 
York. 

Taft  —  "Greenhouse  Management."  Orange  Judd  Company,  New 
York. 

Weed — "Insects  and  Insecticides."  Orange  Judd  Company,  New 
York. 
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Weed  —  "Fungi  and  Fungicides."  Orange  Judd  Company,  New 
York. 

Fuller  —  "  Practical  Forestry."    Orange  Judd  Company,  New  York. 

Maynard  —  "Landscape  Gardening."  John  Wiley  &  Sons,  New 
York. 

McAlpine  —  "How  to  know  Grasses  by  their  Leaves."  David 
Douglas,  Edinburgh. 

LODEMAN  —  "  The  Spraying  of  Crops."    Macmillan  &  Co.,  New  York. 

Saunders  —  "Insects  injurious  to  Fruits."  Lippincott  &  Co.,  Phila- 
delphia. 

VooRHEES  —  "  Fertilizei-s."    Macmillan  &  Co.,  New  York. 

Roberts  —  "The  Fertility  of  the  Land."    Macmillan  &  Co.,  New  York 

Morrow  and  Hunt  —  "  Soils  and  Crops."  Howard  &  Wilson  Pub- 
lishing Company,  Chicago,  111. 

AiKMAN  —  "  Manures  and  the  Principles  of  Manuring."  Wm.  Black- 
wood &  Son,  Edinburgh. 

Miles  —  "  Stock  Breeding."    D.  Appleton  &  Co.,  New  York. 

Curtis  —  "  Horses,  Cattle,  Sheep  and  Swine."  Orange  Judd  Com- 
pany, New  York. 

Farrington  and  Woll  —  "  Testing  Milk  and  its  Products."  Mendota 
Book  Company,  Madison,  Wis. 

Armsby  —  "Manual  of  Cattle  Feeding."  John  Wiley  &  Sons,  New 
York. 

Wing  —  "  Milk  and  its  Products."    Macmillan  &  Co.,  New  York. 

Newth  —  "  Text-book  of  Inorganic  Chemistry."  Longmans,  Green 
&  Co.,  New  York. 

Reychler  and  MoCrae  —  "  Outlines  of  Physical  Chemistry."  Whit- 
taker  &  Co.,  New  York. 

NOYES  —  "  Qualitative  Analysis."     Macmillan  &  Co.,  New  York. 

MiJTER  —  "  Analytical  Chemistry."  P.  Blakiston,  Son  &  Co.,  Phila- 
delphia. 

Talbot  —  "Quantitative  Chemical  Analysis."  Macmillan  &  Co., 
New  York. 

Fresenius  — "  Quantitative  Chemical  Analysis."  John  Wiley  & 
Sons,  New  York. 

Sutton  —  "Volumetric  Analysis."    J.  &  A.  Churchill,  London, 

Remsen  —  "  The  Compounds  of  Carbon."    D.  C.  Heath  &  Co,,  Boston. 

Bernthsen  and  McGowan  —  "Text-book  of  Organic  Chemistry." 
Blackie  &  Son,  London. 

Vulte  and  Neustadt  —  "  Inorganic  Preparations."  G.  G.  Peck,  New 
York. 

Cohen  —  "Practical  Organic  Chemistry."  Macmillan  »&  Co.,  New 
York. 

Reynolds  —  "Experimental  Chemistry,"  Longmans,  Green  &  Co., 
New  York. 

Dana  —  "Manual  of  Determinative  Mineralogy."  John  Wiley  & 
Sons,  New  York. 

Dana  —  "  A  Text-book  of  Elementary  Mechanics  for  the  Use  of  Col- 
leges and  Schools."    John  Wiley  &  Sons,  New  York. 
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Gage  —  "The  Principles  of  Physics."     Ginn  &  Co.,  Boston. 

Faunce  —  "  Mechanical  Drawing."     Linus  Faiince,  Boston. 

Wells  —  "  College  Algebra."    D.  C.  Heath  &  Co.,  Boston. 

Meservey  — "  Meservey's  Book-keeping,  Single  and  Double  Entry." 
Thompson,  Brown  &  Co.,  Boston. 

Merriman—  "  A  treatise  on  Hydraulics."  John  Wiley  &  Sons,  New 
York. 

Phillips  and  Strong  —  "Elements  of  Trigonometry."  Harper  & 
Brothers,  New  York. 

Nichols  —  "  Analytic  Geometry."    D.  C.  Heath  &  Co.,  Boston. 

Searles  —  "  Field  Engineering."    John  Wiley  &  Sons,  New  York. 

Merriman — "A  Text-book  on  the  Mechanics  of  Materials."  John 
Wiley  &  Sons,  New  York. 

Carhart  —  "University  Physics."     Allyn  &  Bacon,  Boston. 

Osborne  —  "  An  Elementary  Treatise  on  the  Differential  and  Integral 
Calculus."    D.  C.  Heath  &  Co.,  Boston. 

Merriman  —  "A  Text-book  on  Roofs  and  Bridges."  John  Wiley  & 
Sons,  New  York. 

Young —  "  A  Text-book  of  General  Astronomy."     Ginn  &  Co.,  Boston. 

Phillips  and  Fisher  —  "  Elements  of  Geometry."  Harper  &  Brothers, 
New  York. 

Merriman  —  "Elements  of  Sanitary  Engineering."  John  Wiley  & 
Sons,  New  York. 

Martin  —  "  The  Human  Body  "  (advanced  course) .  Henry  Holt  & 
Co.,  New  York. 

Walker  —  "Political  Economy"  (briefer  course).  Henry  Holt  & 
Co.,  New  York. 

GiBBiNS  —  "The  Industrial  History  of  England."  Methuen  &  Co., 
London. 

Wilson  —  "  The  State."    D.  C.  Heath  &  Co.,  Boston. 

Fielden  — "A  Short  Constitutional  History  of  England."  Ginn  & 
Co  ,  Boston. 

Bradford  —  "The  Lesson  of  Popular  Government."  Macmillan  & 
Co  ,  New  York. 

Gendng  —  "Outlines  of  Rhetoric."     Ginn  &  Co.,  Boston. 

Wentworth  —  "  Irving's  Sketch  Book."     Allyn  &  Bacon,  Boston. 

Longfellow  —  "Poems."    Houghton,  Mifflin  &  Co.,  Boston. 

Pattee — "A  History  of  American  Literature."  Silver,  Burdett  & 
Co.,  Boston. 

Pancoast  —  "Representative  English  Literature."  Henry  Holt  & 
Co.,  New  York. 

Corson  —  "  Selections  from  Chaucer's  Canterbury  Tales."  The  Mac- 
millan Company,  New  York. 

Rolfe  —  "  English  Cla.ssics,"    Harper  &  Brothers,  New  York. 

Rolfe  —  "  Standard  English  Classics."     Ginn  &  Co.,  Boston. 

Macewan  — "  Essentials  of  Argumentation."  D.  C.  Heath  &  Co.» 
Boston. 

Chardenal  —  "  Complete  French  Course."    Allyn  &  Bacon,  Boston. 

Hodges  —  "  Course  in  Scientific  German."    D.  C.  Heath  &  Co,,  Boston. 
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Joynj:s-Meissker — "German  Grammar."  D.  C.  Heath  &  Co., 
Boston. 

Pettit  —  "Elements  of  Military  Science."  The  Tuttle,  Morehouse 
ii;  Taylor  Press,  New  Haven,  Conn. 

"  Infantry  Drill  Regulations."     Army  and  Navy  Journal,  New  York. 

To  give  not  only  a  practical  but  a  liberal  education  is  the  aim  in 
each  department,  and  the  several  courses  have  been  so  arranged  as 
to  best  subserve  that  end.  The  instruction  in  agriculture  and  hor- 
ticulture is  both  theoretical  and  practical,  the  lessons  of  the  reci- 
tation room  being  practically  enforced  in  the  garden  and  field. 
Students  are  allowed  to  work  for  wages  during  such  leisure  hours 
as  are  at  their  disposal.  Under  the  act  by  which  the  college  was 
founded,  instruction  in  military  tactics  is  imperative,  and  each 
student,  unless  physically  debarred,*  is  required  to  attend  such 
exercises  as  are  prescribed,  under  the  direction  of  a  regular  army 
officer  stationed  at  the  college. 


GRADUATE  COURSE. 

1.  Honorary  degrees  will  not  be  conferred. 

2.  Applicants  will  not  be  eligible  to  the  degree  of  M.S.  until 
they  have  received  the  degree  of  B.Sc.  or  its  equivalent. 

3.  The  faculty  shall  offer  a  course  of  study  in  each  of  the  fol- 
lowing subjects  :  mathematics  and  physics  ;  chemistry ;  agricult- 
ure ;  botany ;  horticulture  ;  entomology ;  veterinary.  Upon  the 
satisfactory  completion  of  any  two  of  these  the  applicant  shall 
receive  the  degree  of  M.S.  This  prescribed  work  may  be  done  at 
the  Massachusetts  Agricultural  College  or  at  any  institution  which 
the  applicant  may  choose  ;  but  in  either  case  the  degree  shall  be 
conferred  only  after  the  applicant  has  passed  an  examination  at 
the  college  under  such  rules  and  regulations  as  may  be  prescribed. 

4.  The  degree  of  Doctor  of  Philosophy  may  be  conferred  upon 
graduates  of  this  college  or  other  colleges  of  good  standing  who 
shall  spend  three  years  at  this  institution,  taking  chemistry,  bot- 
any and  entomology  as  their  major  and  minor  studies,  if  in  this 
time  the  amount  and  quality  of  work  done  be  satisfactory  to  the 
professors  in  charge  of  the  above-named  departments. 

5.  Every  student  in  the  graduate  course  shall  pay  twenty-five 
dollars  to  the  treasurer  of  the  college  before  receiving  the  degree 
of  M.S.  or  Ph.D. 

*  Certificates  of  disability  must  be  procured  of  Dr.  Herbert  B.  Perry  of  Amherst. 
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FOUR-YEARS   COURSE. 

Admission. 

Candidates  for  admission  to  the  freshman  class  will  be  exam- 
ined orally  and  in  writing  upon  the  following  subjects :  Eng- 
lish, United  States  history,  physiology  (Martin's  "The  Human 
Body,"  briefer  course),  physical  geography  (Guyot's  "Physical 
Geography  "  or  its  equivalent) ,  arithmetic,  algebra  (through  quad- 
ratics), geometry  (two  books)  and  civil  government  (Mowry's 
"Studies  in  Civil  Government").  A  candidate  will  not  be  ac- 
cepted in  English  whose  work  is  notably  deficient  in  point  of 
spelling,  punctuation,  idiom  or  division  into  paragraphs.  The  can- 
didate will  be  required  to  present  evidence  of  a  general  knowledge 
of  the  subject-matter  of  the  books  named  below,  and  to  answer 
simple  questions  on  the  lives  of  the  authors.  The  form  of  exam- 
ination will  usually  be  the  writing  of  a  paragraph  or  two  on  each 
of  several  topics,  to  be  chosen  by  the  candidate  from  a  consid- 
erable number  —  perhaps  ten  or  fifteen  —  set  before  him  in  the 
examination  paper.  The  treatment  of  these  topics  is  designed 
to  test  the  candidate's  power  of  clear  and  accurate  expression, 
and  will  call  for  only  a  general  knowledge  of  the  substance  of  the 
books.  In  place  of  a  part  or  the  whole  of  this  test,  the  candi- 
date may  be  allowed  to  present  an  exercise  book,  properly  certi- 
fied by  his  instructor,  containing  compositions  or  other  written 
work  done  in  connection  with  the  reading  of  the  books.  The 
books  set  for  the  examination  in  1900  are:  "The  Sir  Roger  de 
Coverley  Papers"  in  "  The  Spectator  ;  "  Goldsmith's  "  The  Vicar 
of  Wakefield;"  Scott's  "  Ivanhoe  ;"  Cooper's  "  The  Last  of  the 
Mohicans;"  Whittier's  "  Snow  Bound."  The  standard  required 
is  65  per  cent,  on  each  paper.  Examinations  in  the  following  sub- 
jects may  be  taken  a  year  before  the  candidate  expects  to  enter 
college  :  English,  United  States  history,  physical  geography  and 
physiology.  Satisfactory  examination  in  a  substantial  part  of  the 
subjects  offered  will  be  required,  that  the  applicant  may  have  credit 
for  this  preliminary  examination. 

Candidates  for  higher  standing  are  examined  as  above,  and  also 
in  the  studies  gone  over  by  the  class  to  which  they  desire  admis- 
sion. 

No  one  can  be  admitted  to  the  college  until  he  is  sixteen  years 
of  age.  The  regular  examinations  for  admission  are  held  at  the 
Botanic  Museum,  at  9  o'clock  a.m.,  on  Thursday  and  Friday, 
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June  21  and  22,  and  on  Tuesday  and  Wednesday,  September  4 
and  5  ;  but  candidates  may  be  examined  and  admitted  at  any  other 
time  in  the  year.  For  the  accommodation  of  those  living  in  the 
eastern  part  of  the  State,  examinations  will  also  be  held  at  9 
o'clock  A.M.,  on  Thursday  and  Friday,  June  21  and  22,  at  Jacob 
Sleeper  Hall,  Boston  University,  12  Somerset  Street,  Boston ;  and 
for  the  accommodation  of  those  in  the  western  part  of  the  State, 
at  the  same  date  and  time,  at  the  Sedgwick  Institute,  Great  Bar- 
rington,  by  James  Bird.  Two  full  days  are  required  for  examina- 
tion, and  candidates  must  come  prepared  to  stay  that  length  of 
time. 


WINTER  COURSES. 

For  these  short  winter  courses  examinations  are  not  required. 
They  commence  the  first  Wednesday  in  January  and  end  the  third 
Wednesday  in  March.  Candidates  must  be  at  least  sixteen  years 
of  age.  The  doors  of  the  college  are  open  to  applicants  from 
both  sexes.  The  same  privileges  in  regard  to  room  and  board  will 
obtain  as  with  other  students.  Attendance  upon  general  exercises 
is  required.  The  usual  fees  for  apparatus  and  material  used  in 
laboratory  work  will  be  required.  Attendance  upon  military  drill 
is  not  expected. 


ENTRANCE  EXAMINATION  PAPERS  USED  IN  1899. 
The  standard  required  is  65  per  cent,  on  each  paper. 

Arithmetic. 

1.  Find  the  value  of  f  ^+  ^)  ^  4.23. 

v  «         2^/ 

2.  A  board  is  15  feet  long,  20  inches  wide  and  1  inch  thick. 
What  length  may  be  cut  from  the  board  so  as  to  leave  15  board 
feet? 

3.  Bought  128  tons  of  coal  at  $5.12i  a  ton,  and  sold  it  at  a 
profit  of  22  per  cent.     What  was  the  entire  profit? 

4.  Required  the  bank  discount  and  proceeds  of  a  note  for 
$1,615,  due  in  90  days,  at  7  per  cent. 

5.  Find  the  square  root  of  .001225. 
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6.  Describe  the  standard  unit  of  weight  in  the  metric  system. 

7.  How  many  hectolitres  in  a  box  whose  length  is  2.25  metres, 
width  1.75  metres,  depth  1  metre? 

8.  How  many  kilograms  of  mercury  will  the  box  contain,  if 
mercury  weighs  13.5  times  as  much  as  water? 

Algebra. 
1.  A  cask  (a)  contains  12  gallons  of  wine  and  18  gallons  of 
water.  Another  cask  (6)  contains  9  gallons  of  wine  and  3  gallons 
of  water.  How  many  gallons  must  be  drawn  from  each  cask  so 
as  to  produce  by  their  mixture  7  gallons  of  wine  and  7  gallons  of 
water  ? 

X        y  I 

2.  '  y      Solve  for  x  and  y. 

X        y  j 

3.   1 — r=    Rationalize  the  denominator. 

9  +  2  V14 


4.  ^-^  — Express  as  an  entire  surd  and  reduce  to  lowest 

X^\      y^ 

terms. 

1  ^  X 

5.   .  -f- /  „  =  -     Solve  for  a;. 

x-\-V2  —  x'~x  —  V2  —  x''       2 


~2'T~ 


1_4:81    1 
f 


y      Solve  for  x  and  y. 

'     1-4-1  =  ^     I 

x~^y       24     j 

Geometry. 

1.  How  many  degrees  in  the  complement  and  in  the  supple- 
ment of  an  angle  equal  to  ^^  of  a  right  angle  ? 

Prove  the  following  :  — 

2.  If  two  parallels  are  cut  by  a  secant  line,  the  alternate  interior 
angles  are  equal. 

3.  Any  point  in  the  bisector  of  an  angle  is  equally  distant  from 
the  sides  of  the  angle. 

4.  The  line  joining  the  middle  points  of  two  sides  of  a  triangle 
is  parallel  to  the  third  side  and  equal  to  one-half  of  it. 

5.  The  angle  between  two  secants,  intersecting  without  the 
circumference,  is  measured  by  one-half  the  difference  of  the  inter- 
cepted arcs. 
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United  States  History. 

1.  Discuss  any  two  of  the  early  colonial  wars. 

2.  The  condition  of  our  country  immediately  after  the  close  of 
the  revolution. 

3.  A  brief  composition  upon  the  war  of  1812. 

4.  Jackson's  struggle  with  the  national  bank. 

5.  (a)  The  Missouri  compromise.  (6)  The  Dred-Scott  deci- 
sion, (c)  The  relation  of  the  Mexican  war  to  the  civil  war, 

6.  Causes,  dates,  and  battles  of  the  recent  Spanish-American 
war. 

Geography. 

1.  Name  the  continents,  and  draw  as  well  as  you  can  outline 
maps  of  each. 

2.  Write  short  accounts  of  the  following  countries,  giving  dis- 
tinctive facts  with  regard  to  each :  (a)  Europe  ;  (&)  Africa ;  (c) 
Australia. 

3.  Name  and  locate  twenty  cities  of  Europe. 

4.  Contrast  the  North  Atlantic  States  with  the  South  Atlantic 
States,  as  follows  :  (a)  class  of  people  in  each  ;  (&)  productions; 
(c)  climate. 

5.  Name  the  principal  colonies  of  Great  Britain,  and  describe 
the  two  largest. 

Physical  Geography. 

1.  Give  Laplace's  nebular  theory. 

2.  What  are  stratified,  igneous  and  metamorphic  rocks? 

3.  Describe  the  mariner's  compass.  What  is  meant  by  magnetic 
declination  ? 

4.  How  may  mountains  be  classified?  Give  examples  of  each 
sort. 

5.  How  are  the  great  forms  of  relief  arranged  in  each  of  the 
continents  ?  What  general  rule  does  the  location  of  the  predomi- 
nant mountain  system  follow?  How  do  continents  and  islands 
differ  ?     Is  Australia  a  continent,  or  an  island  ? 

6.  What  are  bores?     Give  several  causes  of  ocean  currents. 

7.  What  was  the  glacial  period?  What  was  the  probable  ex- 
tent of  the  ice  cap  in  North  America?  What  evidences  have  we 
that  the  glacial  theory  is  true  ? 

8.  Name  three  important  factors  which  influence  climate. 

9.  Name  some  of  the  principal  animals  and  plants  native  to 
North  America. 
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10.  What  is  ethnology?  Name  the  principal  races  of  man, 
giving  their  characteristics  and  some  idea  of  their  geographical 
distribution. 

(Based  upon  "Warren's  "  Physical  Geography.") 


Civil  Government. 

Note.  —  Penmanship,  punctuation  and  spelling  are  considered  in  marking  this 
paper. 

1 .  Define  the  following :  civil  government,  municipal  govern- 
ment, military  government,  a  franchise,  a  charter,  a  tax. 

2.  What  is  meant  by  an  executive  officer?  What  is  the  official 
title  of  the  chief  executive  officer  of  the  United  States  ?  of  Massa- 
chusetts ?  of  the  city  or  town  in  which  you  live  ?  How  is  the  chief 
executive  officer  of  the  United  States  elected  ? 

3.  By  whom  and  in  what  city  are  the  laws  for  the  State  of 
Massachusetts  made?  How  often  do  these  law  makers  meet?  By 
whom  are  they  chosen  ? 

4.  By  whom  and  in  what  city  are  the  laws  for  the  United  States 
made  ?  How  many  men  from  the  State  of  Massachusetts  have  part 
in  making  these  laws  ?  Who  represents  the  district  in  which  you 
live  in  the  national  House  of  Representatives  ? 

5.  Of  how  many  members  does  the  United  States  Senate  now 
consist?  Who  is  its  presiding  officer?  Name  the  United  States 
senators  from  Massachusetts. 

6.  How  does  the  government  of  a  Territory  differ  from  that  of 
a  State?     Name  the  Territories  of  the  United  States. 

7.  What  is  the  government  of  Cuba?  What  is  its  relation  to 
the  government  of  the  United  States  ?  What  is  the  government 
of  Porto  Rico?  of  the  Philippines? 

8.  What  is  a  republic?  Give  reasons  why  a  republican  form 
of  government  is  to  be  desired. 


Physiology. 

1.  Describe  a  cell,  naming  its  parts.  How  may  cells  vary  in 
form?  What  is  the  intercellular  substance?  What  do  you  mean 
by  physiological  division  of  labor  ? 

2.  How  are  the  chemical  compounds  existing  in  the  body 
classed?  Name  the  principal  constituents  under  the  first  class. 
What  are  the  four  principal  elements  found  in  the  body  ? 

3.  Locate  and  describe  the  sacrum.  Name  and  describe  the 
first  two  cervical  vertebrae.  What  are  the  intervertebral  discs, 
and  what  is  their  function  ? 
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4.  Describe  the  three  orders  of  levers,  and  illustrate  from  the 
body. 

5.  Name  and  describe  the  successive  steps  or  processes  between 
that  of  reception  of  food  and  that  of  the  excretion  of  bodily  waste. 

6.  Give  the  use  of  the  gastric  juice  in  digestion,  naming  its 
active  principles.  What  becomes  of  the  fats  taken  into  the  body 
as  food? 

7.  What  is  lymph?     What  is  its  use,  and  what  its  origin? 

8.  What  is  reflex  action?  Give  an  illustration,  describing 
fully  what  takes  place. 

9  and  10.  Describe  carefully  the  ear,  especially  the  inner  ear, 
and  tell  how  the  ear  is  capable  of  distinguishing  sounds,  especially 
those  varying  in  pitch. 

(Based  on  Martin's  "  The  Human  Body,"  briefer  course.) 

English. 

Note.  —  Penmanship,  punctuation  and  spelling  are  considered  in  marking  this 
paper. 

1.  Write  a  composition  of  at  least  two  hundred  words  upon 
one  of  the  best-known  American  writers.     (Allow  fifteen  minutes.) 

2.  Change  the  following  piece  of  blank  verse  into  plain,  gram- 
matical and  modern  English  prose.  Add  nothing  in  the  line  of 
new  thought,  and  leave  out  nothing  that  is  herein  expressed. 
(Allow  fifteen  minutes.) 

"  A  level,  treeless  waste,  with  rugged  shore 
Extending  boldly  'gainst  the  roaring  surf, 
With  patches  here  and  there  of  storm-swept  grass 
"Whereon  were  fishers'  huts,  and  hard  by  these 
A  lighthouse  built  of  stone,  —  this  was  the  isle 
Where  many  years  ago  a  barque  from  France 
Cast  all  her  lives  and  freight.     The  fishers  said 
It  was  a  dreadful  wreck ;  and  from  that  day 
They  called  it  by  the  name  of  Frenchman's  Isle." 

3.  Define  and  illustrate  :  (a)  a  sentence;  (6)  a  clause;  (c)  a 
phrase  ;   (d)  a  paragraph. 

4.  What  is  the  difference  between  grammar  and  rhetoric? 
What  is  literature? 

5.  Criticise  the  following  :  — 

"I  was  placed  in  a  sleigh,  and  as  the  horse  sprang  away,  the 
clear  sleigh-bells  rang  out,  and  a  gun  from  the  ramparts  was  fired 
to  give  the  noon  hour,  I  sank  into  unconsciousness." 

6.  State  briefly  the  work  you  did  in  the  high  school  in  rhetoric 
and  literature. 
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DEGREES. 

Those  who  complete  the  four-years  course  receive  the  degree  of 
Bachelor  of  Science,  the  diploma  being  signed  by  the  governor  of 
Massachusetts,  who  is  the  president  of  the  corporation. 

Regular  students  of  the  college  may  also,  on  application,  become 
members  of  Boston  University,  and  upon  graduation  receive  its 
diploma  in  addition  to  that  of  the  college,  thereby  becoming  en- 
titled to  all  the  privileges  of  its  alumni. 

Those  completing  the  prescribed  graduate  course  receive  the 
degree  of  Master  of  Science  or  Doctor  of  Philosophy. 


EXPENSES. 

*  Tuition  in  advance  :  —  • 

Fall  term, $30  00 

Winter  term, 25  00 

Summer  term, 25  00 

$80  00     $80  00 

Room  rent,  in  advance,  |8  to  $16  per  term,   .         .        .  24  00  48  00 

Board,  |2.50  to  f  5  per  week 95  00  190  00 

Fuel,  $5  to  $15, 6  00  15  00 

Washing,  80  to  60  cents  per  week,         .         .         .        .  11  40  22  80 

Military  suit, .        .  15  75  15  75 

Expenses  per  year, $231  15  |371  55 

Board  in  clubs  has  been  about  $2.45  per  week ;  in  private  fami- 
lies, $4  to  $5.  The  military  suit  must  be  obtained  immediately 
upon  entrance  at  college,  and  used  in  the  drill  exercises  prescribed. 
The  following  fees  will  be  charged  for  the  maintenance  of  the 
several  laboratories  ;  chemical,  $10  per  term  used  ;  zoological,  $4 
per  term  used ;  botanical,  $1  per  term  used  by  sophomore  class, 
12  per  term  used  by  senior  class ;  entomological,  $2  per  term 
used.  Some  expense  will  also  be  incurred  for  lights  and  text- 
books. Students  whose  homes  are  within  the  State  of  Massachu- 
setts can  in  most  cases  obtain  a  scholarship  by  applying  to  the 
senator  of  the  district  in  which  they  live. 


THE   LABOR  FUND. 

The  object  of  this  fund  is  to  assist  those  students  who  are 
dependent  either  wholly  or  in  part  on  their  own  exertions,  by  fur- 
nishing them  work  in  the  several  departments  of  the  college.     The 

*  Free  to  citizens  of  the  United  States. 
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greatest  opportunity  for  such  work  is  found  in  the  agricultural  and 
horticultural  departments.  Application  should  be  made  to  Profs. 
William  P.  Brooks  and  Samuel  T.  Maynard,  respectively  in  charge 
of  said  departments.  Students  desiring  to  avail  themselves  of  its 
benefits  must  bring  a  certificate  signed  by  one  of  the  selectmen  of 
the  town  in  which  they  are  resident,  certifying  to  the  fact  that  they 
require  aid. 

ROOMS. 

All  students,  except  those  living  with  parents  or  guardians,  will 
be  required  to  occupy  rooms  in  the  college  dormitories. 

For  the  information  of  those  desiring  to  carpet  their  rooms,  the 
following  measurements  are  given  :  in  the  south  dormitory  the 
study  rooms  are  about  fifteen  by  fourteen  feet,  with  a  recess  seven 
feet  four  inches  by  three  feet ;  and  the  bedrooms  are  eleven  feet 
two  inches  by  eight  feet  five  inches.  This  building  is  heated  by 
steam.  In  the  north  dormitory  the  corner  rooms  are  fourteen  by 
fifteen  feet,  and  the  annexed  bedrooms  eight  by  ten  feet.  The 
inside  rooms  are  thirteen  and  one-half  by  fourteen  and  one-half 
feet,  and  the  bedrooms  eight  by  eight  feet.  A  coal  stove  is  fur- 
nished with  each  room.  Aside  from  this,  all  rooms  are  unfur- 
nished. Mr.  Thomas  Canavan  has  the  general  superintendence  of 
the  dormitories,  and  all  correspondence  relative  to  the  engaging  of 
rooms  should  be  with  him. 


SCHOLARSHIPS. 
Established  by  Private  Individuals. 

Mary  Bohinson  Fund  of  one  thousand  dollars,  the  bequest  of 
Miss  Mary  Robinson  of  Medfield. 

Whiting  Street  Fund  of  one  thousand  dollars,  the  bequest  of 
Whiting  Street,  Esq.,  of  Northampton. 

Henry  Gassett  Fund  of  one  thousand  dollars,  the  bequest  of 
Henry  Gassett,  Esq.,  of  North  Weymouth. 

The  income  of  the  above  funds  is  assigned  by  the  faculty  to 
worthy  students  requiring  aid. 

Congressional  Scholarships. 
The  trustees  voted  in  January,  1878,  to  establish  one  free 
scholarship  for  each  of  the  congressional  districts  of  the  State. 
Application  for  such  scholarships  should  be  made  to  the  repre- 
sentative from  the  district  to  which  the  applicant  belongs.  The 
selection  for  these  scholarships  will  be  determined  as  each  m  ember 
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of  Congress  may  prefer ;  but,  where  several  applications  are  sent 
in  from  the  same  district,  a  competitive  examination  would  seem 
to  be  desirable.  Applicants  should  be  good  scholars,  of  vigorous 
constitution,  and  should  enter  college  with  the  intention  of  remain- 
ing through  the  course. 

State  Scholarships. 
The  Legislature  of  1883  passed  the  following  resolve  in  favor 
of  the  Massachusetts  Agricultural  College  :  — 

Resolved,  That  there  shall  be  paid  annually,  for  the  term  of  four  years, 
from  the  treasmy  of  the  Commonwealth  to  the  treasurer  of  the  Massa- 
chusetts Agricultural  College,  the  sum  of  ten  thousand  dollars,  to  enable 
the  trustees  of  said  college  to  provide  for  the  students  of  said  institution 
the  theoretical  and  practical  education  required  by  its  charter  and  the 
law  of  the  United  States  relating  thereto. 

Besolved,  That  annually,  for  the  term  of  four  yeai's  eighty  free  scholar- 
ships be  and  hereby  are  established  at  the  Massachusetts  Agricultural 
College,  the  same  to  be  given  by  appointment  to  persons  in  this  Com- 
monwealth, after  a  competitive  examination,  under  rules  prescribed  by 
the  president  of  the  college,  at  such  time  and  place  as  the  senator  then 
in  office  from  each  district  shall  designate ;  and  the  said  scholarships 
shall  be  assigned  equally  to  each  senatorial  district.  But,  if  there  shall 
be  less  than  two  successful  applicants  for  scholarships  from  any  sena- 
torial district,  such  scholarships  may  be  distributed  by  the  president  of 
the  college  equally  among  the  other  districts,  as  nearly  as  possible;  but 
no  applicant  shall  be  entitled  to  a  scholarship  unless  he  shall  pass  an 
examination  in  accordance  with  the  rules  to  be  established  as  herein- 
before provided. 

The  Legislature  of  1886  passed  the  following  resolve,  making 
perpetual  the  scholarships  established  :  — 

Resolved,  That  annually  the  scholarships  established  by  chapter  forty- 
six  of  the  resolves  of  the  year  eighteen  hundred  and  eighty-three  be 
given  and  continued  in  accordance  with  the  provisions  of  said  chapter. 

In  accordance  with  these  resolves,  any  one  desiring  admission  to 
the  college  can  apply  to  the  senator  of  his  district  for  a  scholar- 
ship. Blank  forms  of  application  will  be  furnished  by  the  presi- 
dent. 


EQUIPMENT. 

Agricultural  Department. 
The  Farm.  —  Among  the  various  means  through  which  instruc- 
tion in  agriculture  is  given,  none  exceeds  in  importance  the  farm. 
The  part  which  is  directly  under  the  charge  of  the  professor  of 
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agriculture  comprises  about  one  hundred  and  sixty  acres  of  im- 
proved land,  forty  acres  of  pasture  and  sixteen  acres  of  woodland. 
Of  the  improved  land,  about  thirty  acres  are  kept  permanently  in 
grass. 

The  rest  of  the  farm  is  managed  under  a  system  of  rotation,  all 
parts  being  alternately  in  grass  and  hoed  crops.  All  the  ordinary 
crops  of  this  section  are  grown,  and  many  not  usually  seen  upon 
Massachusetts  farms  find  a  place  here.  Our  large  stock  of  milch 
cows  is  fed  largely  in  the  barn,  and  hence  fodder  crops  occupy  a 
prominent  place.  Experiments  of  various  kinds  are  continually 
under  trial ;  and  every  plat  is  staked,  and  bears  a  label  stating 
variety  under  cultivation,  date  of  planting,  and  manures  and  fer- 
tilizers used. 

Methods  of  land  improvement  are  constantly  illustrated  here,  tile 
drainage  especially  receiving  a  large  share  of  attention.  There  are 
now  some  nine  miles  of  tile  drains  in  successful  and  very  satisfac- 
tory operation  upon  the  farm.  Methods  of  clearing  land  of  stumps 
are  also  illustrated,  a  large  amount  of  such  work  having  been  car- 
ried on  during  the  last  few  years. 

In  all  the  work  of  the  farm  the  students  are  freely  employed,  and 
classes  are  frequently  taken  into  the  fields  ;  and  to  the  lessons  to 
be  derived  from  these  fields  the  students  are  constantly  referred. 

The  Barn  and  Stock.  —  Our  commodious  barns  contain  a  large 
stock  of  milch  cows,  many  of  which  are  grades  ;  but  the  following 
pure  breeds  are  represented  by  good  animals,  viz.,  Holstein- 
Friesian,  Ayrshire,  Jersey,  Guernsey  and  Shorthorn.  Experi- 
ments in  feeding  for  milk  and  butter  are  continually  in  progress. 
"We  have  a  fine  flock  of  Southdown  sheep.  Swine  are  represented 
by  the  Middle  Yorkshire,  Chester  White,  Poland  China,  Berk- 
shire, Tamworth  and  Belted  breeds.  Besides  work  horses,  we 
have  a  number  of  pure-bred  Percherons,  used  for  breediog  as 
well  as  for  work  ;    and  a  fine  pair  of   French  coach  horses. 

The  barn  is  a  model  of  convenience  and  labor-saving  arrange- 
ments. It  illustrates  different  methods  of  fastening  animals, 
various  styles  of  mangers,  watering  devices,  etc.  Connected  with 
it  are  commodious  storage  rooms  for  vehicles  and  machines.  It 
contains  silos  and  a  granary.  A  very  large  share  of  the  work  is 
performed  by  students,  and  whenever  points  require  illustration, 
classes  are  taken  to  it  for  that  purpose. 

Dairy  School.  —  Connecting  with  the  barn  is  a  wing  providing 
accommodation  for  practical  and  educational  work  in  dairying. 
The  wing  contains  one  room  for  heavy  dairy  machinery,  another 
for  lighter  machinery,  both  large  enough  to  accommodate  various 
styles  of  all  prominent  machines  ;  a  large  ice-house,  a  cold-storage 
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room  and  a  room  for  raising  cream  by  gravity  methods,  a  class 
room  and  a  laboratory.  The  power  used  is  an  electric  motor. 
This  department  is  steam  heated  and  piped  for  hot  and  cold  water 
and  steam.  In  this  department  has  been  placed  a  full  line  of 
modern  dairy  machinery,  so  that  we  are  able  to  illustrate  all  the 
various  processes  connected  with  the  creaming  of  milk,  its  prepara- 
tion for  market  and  the  manufacture  of  butter.  Special  instruc- 
tion in  such  work  is  offered  in  the  dairy  course. 

Equipment  of  Farm.  —  Aside  from  machines  and  implements 
generally  found  upon  farms,  the  more  important  of  those  used 
upon  our  farm  and  in  our  barn  which  it  seems  desirable  to  men- 
tion are  the  following :  reversible  sulky  plough,  broadcast  fertil- 
izer distributer,  manure  spreader,  grain  drill,  horse  corn  planter, 
potato  planter,  wheelbarrow  grass  seeder,  hay  loader,  potato  digger 
and  fodder  cutter  and  crusher.  It  is  our  aim  to  try  all  novelties 
as  they  come  out,  and  to  illustrate  everywhere  the  latest  and  best 
methods  of  doing  farm  work. 

Lecture  Room.  —  The  agricultural  lecture  room  in  south  college 
is  well  adapted  to  its  uses.  It  is  provided  with  numerous  charts 
and  lantern  slides,  illustrating  the  subjects  taught.  Connected 
with  it  is  a  small  room  at  present  used  for  the  storage  of  illus- 
trative material,  which  comprises  soils  in  great  variety,  all  impor- 
tant fertilizers  and  fertilizer  materials,  implements  used  in  the 
agriculture  of  our  own  and  other  countries,  and  a  collection  of 
grasses  and  forage  plants,  grains,  etc. 

A  valuable  addition  to  our  resources  consists  of  a  full  series 
of  Landsberg's  models  of  animals.  These  are  accurate  models  of 
selected  animals  of  all  the  leading  breeds  of  cattle,  horses,  sheep 
and  swine,  from  one-sixth  to  full  size,  according  to  subject.  We 
are  provided  with  a  complete  collection  of  seeds  of  all  our  common 
grasses  and  the  weeds  which  grow  in  mowings,  and  have  also 
a  large  collection  of  the  concentrated  food  stuffs.  All  these  are 
continually  used  in  illustration  of  subjects  studied. 

Museum.  —  A  beginning  has  been  made  towards  accumulating 
material  for  an  agricultural  museum.  This  is  to  contain  the 
rocks  from  which  soils  have  been  derived,  soils,  fertilizer  materials 
and  manufactured  fertilizers,  seeds,  plants  and  their  products, 
stuffed  animals,  machines  and  implements.  It  is  expected  to 
make  this  collection  of  historical  importance  by  including  in  it  old 
types  of  machines  and  implements,  earlier  forms  of  breeds,  etc. 
For  lack  of  room  the  material  thus  far  accumulated  is  stored  in  a 
number  of  scattered  localities,  and  much  of  it  where  it  cannot  be 
satisfactorily  exhibited. 
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Botanical,  Department. 

Course  of  Study.  —  This  department  is  well  equipped  to  give  a 
comprehensive  course  in  most  of  the  subjects  of  botany  relating  to 
agriculture.  The  course  aims  to  treat  of  all  the  more  important 
features  connected  with  the  study  of  plants  which  have  a  close 
bearing  upon  agriculture,  without  at  the  same  time  deviating  from 
a  systematic  and  logical  plan.  Throughout  the  entire  course  the 
objective  methods  of  teaching  are  followed,  and  the  student  is  con- 
stantly furnished  with  an  abundance  of  plant  material  for  practical 
study,  together  with  an  elaborate  series  of  preserved  specimens  for 
illustration  and  comparison.  In  the  freshman  year  the  study  of 
structural  and  systematic  botany  is  pursued,  with  some  observation 
on  insect  fertilization.  This  is  followed  in  the  first  term  of  the 
sophomore  year  by  the  systematic  study  of  grasses,  trees  and 
shrubs,  and  this  during  the  winter  term  by  an  investigation  into 
the  microscopic  structure  of  the  plant.  The  senior  year  is  given 
up  entirely  to  cryptogamic  and  physiological  botany.  This  in- 
cludes a  study  of  our  common  plant  diseases,  and  the  simple 
functions  of  the  plant  which  it  is  essential  for  the  agriculturist  to 
become  familiar  with. 

The  Botanical  Museum  contains  the  Knowlton  herbarium,  of 
over  ten  thousand  species  of  phanerogamous  and  the  higher 
cryptogamous  plants  ;  about  five  thousand  species  of  fungi,  and 
several  collections  of  lichens  and  mosses,  including  those  of  Tuck- 
erman.  Frost,  Denslow,  Cummings,  Miiller  and  Schaerer.  It  also 
contains  a  large  collection  of  native  woods,  cut  so  as  to  show  their 
individual  structure  ;  numerous  models  of  native  fruits  ;  specimens 
of  abnormal  and  peculiar  forms  of  stems,  fruits,  vegetables,  etc.  ; 
many  interesting  specimens  of  unnatural  growths  of  trees  and 
plants,  natural  grafts,  etc.  ;  together  with  models  for  illustrating 
the  growth  and  structure  of  plants,  and  including  a  model  of  the 
squash  which  raised  by  the  expansive  force  of  its  growing  cells 
the  enormous  weight  of  five  thousand  pounds. 

The  Botanical  Lecture  Room,  in  the  same  building,  is  provided 
with  diagrams  and  charts  of  over  three  thousand  figures,  illustrat- 
ing structural,  systematic  and  physiological  botany. 

The  Botanical  Laboratory  has  provision  for  thirty-four  students 
to  work  at  one  time.  Each  student  is  provided  with  a  locker, 
wherein  he  can  dispose  of  his  equipment  necessary  for  study.  The 
laboratory  is  equipped  with  thirty-six  compound  microscopes,  rep- 
resenting Leitz',  Reichert's,  Bausch  and  Lomb's,  Beck's,  Queen's 
and  Tolles'  patterns,  with  objectives  varying  from  four  inch  to 
one-fifteenth  inch  focal  length,  and  also  with  twenty  dissecting 
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microscopes  to  assist  in  the  study  of  structural  and  systematic 
botany.  It  also  contains  four  induction  coils,  including  a  Du  Bois- 
Reymond  induction  apparatus  and  rheocord,  a  Lippmann  capillary 
electrometer,  a  galvanometer,  and  various  other  forms  of  electrical 
appliances  especially  devised  for  studying  the  influence  of  elec- 
tricity upon  the  growth  of  plants.  There  are  also  Thoma,  Minot 
and  Beck  microtomes,  a  self-registering  thermometer  and  hygrom- 
eter, a  Wortmann  improved  clinostat  and  also  one  of  special  con- 
struction, an  Arthur  centrifugal  apparatus  with  electric  motor, 
various  forms  of  self-registering  appliances  for  registering  the 
growth  of  plants,  including  a  Pfeffer-Baranetsky  electrical  self- 
registering  auxanometer,  a  Sach's  arcauxanometer,  a  horizontal 
reading  microscope  (Pfeffer  model),  various  kinds  of  dynamometers 
of  special  construction,  respiration  appliances,  mercurial  sap  and 
vacuum  gauges,  manometers,  gas  and  exhaust  chambers,  besides 
various  other  appliances  for  work  and  demonstration  in  plant  phy- 
siology. The  laboratory  is  also  provided  with  an  Eastman  land- 
scape camera,  a  Bausch  and  Lomb  micro-photographic  camera,  and 
a  dark  closet  equipped  for  photographic  and  other  kinds  of  work. 

Horticultural  Department. 

Greenhouses.  —  To  aid  in-  the  instruction  in  botany,  as  well  as 
in  floriculture  and  market  gardening,  the  glass  structures  contain 
a  large  collection  of  plants  of  a  botanic  and  economic  value,  as 
well  as  those  grown  for  commercial  purposes.  They  consist  of 
two  large  octagons,  forty  by  forty  feet,  with  sides  twelve  feet 
high  and  a  central  portion  over  twenty  feet  high  for  the  growth 
of  large  specimens,  like  palms,  tree  ferns,  the  bamboo,  banana, 
guava,  olive,  etc.  ;  a  moist  stove  twenty-five  feet  square  ;  a  dry 
stove  of  the  same  dimensions  ;  a  rose  room,  twenty-five  hy  twenty 
feet ;  a  room  for  aquatic  plants,  twenty  by  twenty-five  feet ;  a 
room  for  ferns,  mosses  and  orchids,  eighteen  by  thirty  feet ;  a 
large  propagating  house,  fifty  by  twenty-four  feet,  fitted  up  with 
benches  sufficient  in  number  to  accommodate  fifty  students  at  work 
atone  time;  a  vegetable  house,  forty-two  by  thirty-two  feet;  a 
large  propagating  house,  thirty-six  by  seventy-five  feet,  for  the 
growing  of  carnations,  violets  and  bedding  plants ;  a  cold  grapery, 
eighteen  by  twenty-five  feet.  To  these  glass  structures  are  at- 
tached three  work  rooms,  equipped  with  all  kinds  of  tools  for 
greenhouse  work.  In  building  these  houses  as  many  as  possible 
of  the  principles  of  construction,  heating,  ventilation,  etc.,  have 
been  incorporated  for  the  purposes  of  instruction. 

Orchards. — These  are  extensive,  and  contain  nearly  all  the 
valuable  leading  varieties,  both  old  and  new,  of  the  large  fruits, 
growing  under  various  conditions  of  soil  and  exposure. 
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Small  Fruits.  —  The  small-fruit  plantations  contain  a  large  num- 
ber of  varieties  of  each  kind,  especially  the  new  and  promising 
ones,  which  are  compared  with  older  sorts,  in  plots  and  in  field 
culture.  Methods  of  planting,  pruning,  training,  cultivation,  study 
of  varieties,  gathering,  packing  and  shipping  fruit,  etc.,  are  taught 
by  field  exercises,  the  students  doing  a  large  part  of  the  work  of 
the  department. 

Nursery.  —  This  contains  more  than  five  thousand  trees,  shrubs 
and  vines  in  various  stages  of  growth,  where  the  different  methods 
of  propagation  by  cuttings,  layers,  budding,  grafting,  pruning 
and  training  are  practically  taught  to  the  students. 

Garden.  —  All  kinds  of  garden  and  farm-garden  crops  are  grown 
in  this  department,  furnishing  ample  illustration  of  the  treatment 
of  market-garden  crops.  The  income  from  the  sales  of  trees, 
plants,  flowers,  fruit  and  vegetables  aids  materially  in  the  support 
of  the  department,  and  furnishes  illustrations  of  the  methods  of 
business,  with  which  all  students  are  expected  to  become  familiar. 

Forestry.  —  Many  kinds  of  trees  suitable  for  forest  planting  are 
grown  in  the  nursery,  and  plantations  have  been  made  upon  the 
college  grounds  and  upon  private  estates  in  the  vicinity,  affording 
good  examples  of  this  most  important  subject.  A  large  forest 
grove  is  connected  with  this  department,  where  the  methods  of 
pruning  trees  and  the  management  and  preservation  of  forests  can 
be  illustrated.  In  the  museum  and  lecture  room  are  collections  of 
native  woods,  showing  their  natural  condition  and  peculiarities ; 
and  there  have  been  lately  added  the  prepared  wood  sections  of 
R.  B.  Hough,  mounted  on  cards  for  class-room  illustration. 

Ornamental  trees,  shrubs  and  flowering  plants  are  grouped  about 
the  grounds  in  such  a  way  as  to  afford  as  much  instruction  as  pos- 
sible in  the  art  of  landscape  gardening.  All  these,  as  well  as  the 
varieties  of  large  and  small  fruits,  are  marked  with  conspicuous 
labels,  giving  their  common  and  Latin  names,  for  the  benefit  of 
the  students  and  the  public. 

Tool  House.  —  A  tool  house,  thirty  by  eighty  feet,  has  been 
constructed,  containing  a  general  store-room  for  keeping  small 
tools  ;  a  repair  shop  with  forge,  anvil  and  work-bench  ;  and  a  car- 
penter shop  equipped  with  a  large  Sloyd  bench  and  full  set  of 
tools.  Under  one-half  of  this  building  is  a  cellar  for  storing  fruit 
and  vegetables.  In  the  loft  is  a  chamber,  thirty  by  eighty  feet, 
for  keeping  hot-bed  sashes,  shutters,  mats,  berry  crates,  baskets 
and  other  materials  when  not  in  use. 

Connected  with  the  stable  is  a  cold-storage  room,  with  an  ice- 
chamber  over  it,  for  preserving  fruit,  while  the  main  cellar  under- 
neath the  stable  is  devoted  to  the  keeping  of  vegetables. 
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All  the  low  land  south  of  the  greenhouses  has  been  thoroughly 
underdrained  and  put  into  condition  for  the  production  of  any 
garden  or  small  fruit  crop. 

Department  of  Zoology. 

Zoological  Laboratory.  — This  very  necessary  adjunct  to  zoologi- 
cal teaching  is  a  large,  well-lighted  room,  situated  in  the  old  chapel 
building,  and  fitted  with  the  necessary  tables,  trays  and  general 
apparatus,  besides  sixteen  Zentmeyer  microscopes,  two  dissecting 
microscopes,  hand  lenses  and  the  like.  There  have  lately  been 
added  aquaria,  one  the  gift  of  Mr.  Kellogg  of  the  class  of  1900, 
in  which  the  various  types  studied  may  be  seen  in,  as  nearly  as 
may  be,  their  natural  environment. 

A  reference  library  is  kept  in  the  laboratory,  or  in  the  museum 
when  the  former  is  not  in  session,  and  the  students  are  urged  to 
become  familiar  with  the  best  zoological  literature  by  constant  us6 
of  the  books. 

Zoological  Lecture  Boom.  —  An  ample  lecture  room  is  situated 
in  South  College,  adjacent  to  the  museum.  It  is  supplied  with  a 
set  of  Leuckart  charts  and  many  special  ones  as  well,  and  with  a 
complete  set  of  Auzoux  models  illustrative  both  of  human  and 
comparative  anatomy.  A  special  set  of  typical  specimens  are 
being  set  apart  for  class  illustration,  although  the  more  extensive 
museum  collection  is  drawn  upon  for  the  same  purpose. 

Museum  of  Zoology.  — The  museum,  of  course,  is  mainly  for  the 
purpose  of  exhibiting  those  forms  treated  of  in  the  lecture  and 
laboratory  courses,  but,  in  addition  to  this,  the  aim  has  been  to 
show  as  fully  as  possible  the  fauna  of  the  Commonwealth  and 
those  types  which  show  the  evolution  and  relationship  of  the 
members  of  the  animal  kingdom.  A  department  of  ethnology  has 
lately  been  established,  and  already  one  case  is  full  to  overflowing 
with  articles  of  human  interest,  mainly  from  the  Island  of  Yezzo, 
collected  by  the  late  Colonel  Clark.  The  museum  is  open  to  the 
public  during  a  portion  of  each  afternoon,  and  at  present  is  in 
charge  of  Mr.  Clarence  E.  Gordon  of  the  class  of  1901.  The 
interest  of  the  students  in  the  museum  is  attested  by  the  gifts 
which  are  continually  being  received  from  them,  numbering  in  the 
past  year  no  less  than  fift^'-six  specimens,  mainly  of  birds. 

Entomological  Laboratory. — The  equipment  for  work  in  ento- 
mology during  the  senior  year  and  for  graduate  students  is  un- 
usually good.  The  laboratory  building  contains  a  large  room  for 
laboratory  work,  provided  with  tables,  dissecting  and  compound 
microscopes,  microtomes,  reagents  and  glassware,  and  one  portion 
is  fitted  up  as  a  lecture  room.     Another  room  is  devoted  to  library 


1900.]  PUBLIC   DOCUMENT  — No.  31.  59 

purposes,  and  contains  a  card  catalogue  of  over  forty  thousand 
cards,  devoted  to  the  literature  of  insects.  In  addition  to  a  well- 
selected  list  of  entomological  works  in  this  room,  the  college 
library  has  an  unusual  number  of  rare  and  valuable  books  on  this 
subject,  and  this  is  supplemented  by  the  library  of  Amherst  College 
and  by  the  private  entomological  library  of  the  professor  in  charge, 
which  contains  over  twenty-five  hundred  volumes,  many  of  which 
cannot  be  found  elsewhere  in  the  United  States.  In  another  room 
in  the  laboratory  is  a  large  and  growing  collection  of  insects,  both 
adult  and  in  the  early  stages,  which  is  of  much  assistance  to  the 
students.  The  laboratory  being  directly  connected  with  the  in- 
sectary  of  the  Hatch  Experiment  Station,  the  facilities  of  the  latter 
are  directly  available.  The  apparatus  room  of  the  insectary,  with 
its  samples  of  spray  pumps,  nozzles  and  other  articles  for  the 
practical  treatment  of  insects  ;  the  chemical  room,  fitted  up  for 
the  analysis  of  insecticides  and  other  chemico-entomological  work  ; 
and  the  greenhouse,  where  plants  infested  by  injurious  insects  are 
under  continual  observation,  and  the  subject  of  experimental  treat- 
ment, —  are  all  available  to  the  student,  and  in  addition  several 
private  laboratory  rooms  and  a  photographing  room  and  outfit  are 
provided.  The  large  hothouses,  grounds,  gardens  and  orchards 
of  the  college  are  also  to  be  mentioned  under  this  head,  providing, 
as  they  do,  a  wide  range  of  subjects  for  the  study  of  the  attacks 
of  injurious  insects,  under  natural  conditions. 

Veterinary  Department. 

With  a  new  and  well-equipped  laboratory  and  hospital  stable, 
the  department  has  unsurpassed  facilities  for  the  study  of  animal 
diseases.  The  department  stands  ready  to  investigate  any  out- 
break of  obscure  disease  among  animals  in  the  State,  and  it  cor- 
dially invites  any  one  to  send  specimens  from  diseased  animals  for 
examination,  which  will  be  made  free  of  expense  to  the  sender.  It 
will  not  undertake,  however,  the  treatment  of  animals  suffering 
from  common  diseases. 

The  department  can  well  carry  out  the  course  of  instruction  out- 
lined, as  it  has  been  provided  with  a  new  laboratory  and  hospital 
stable  for  its  special  use.  The  former,  59  feet  wide  and  63  feet  10 
inches  deep,  contains  on  the  lower  floor  a  large  general  laboratory, 
recitation  room,  office,  animal  room  and  store  closets.  Connected 
with  the  laboratory  is  a  large  incubator  built  into  the  building,  an 
incubator  room  for  portable  incubators,  fume  chambers,  balance 
cabinet,  microscope  cabinet,  etc.  The  floor  is  asphalt,  laid  upon 
cement  work.     The  walls  are  of  enamelled  brick. 

The  recitation  room  is  suflSciently  large  to  accommodate  about 
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forty  students.  On  the  second  floor  are  two  private  laboratories, 
provided  with  store  closets,  fume  chamber,  water,  gas  and  electric 
lights,  a  photographing  room  with  dark  room,  janitor's  rooms  and 
a  museum. 

The  hospital  stable,  located  50  feet  in  the  rear  of  the  laboratory, 
is  of  brick,  consisting  of  three  parts.  A  two-story  upright  por- 
tion, 33  by  30  feet  in  size,  contains  on  the  lower  floor  an  office  and 
pharmac}^,  an  operating  room  with  water-tight  floor,  a  single  stall 
and  a  large  box  stall,  grain  room  and  closets.  The  upper  floor  is 
used  for  storage  purposes. 

Extending  from  the  south  and  west  from  the  main  part  is  an  L, 
104  feet  in  length  and  29  feet  in  width.  This  L  is  one  story  in 
height,  and  is  divided  by  brick  wall  partitions  into  six  sections, 
affording  quarters  for  horses,  cattle,  sheep  and  swine.  Each  sec- 
tion is  entirely  independent  of  every  other  one,  having  separate 
ventilator,  water,  heat  and  light.  The  floors  are  of  Portland 
cement,  laid  directly  upon  the  ground.  Everything  has  been  ar- 
ranged iu  this  portion  of  the  building  to  allow  of  the  stabling  of 
diseased  animals,  at  the  same  time  reducing  to  a  minimum  the 
liability  of  spreading  infection.  The  floors,  walls,  ceilings  and 
fixtures  have  all  been  so  constructed  as  to  allow  of  easy  and  com- 
plete disinfection. 

In  the  rear  of  the  main  stable  is  an  addition,  34  by  22  feet  in 
size.  This  contains  the  kennels,  a  section  for  poultry  and  a  dis- 
secting room. 

The  hospital  has  sufficient  capacity  for  the  accommodation  of 
about  fifty  animals. 

The  museum  is  well  equipped  with  the  apparatus  necessary  to 
illustrate  the  subject  as  taught  in  the  class  room,  and  in  addition 
there  is  the  clinical  material  to  be  observed  in  the  hospital.  The 
museum  contains  in  part  an  improved  Auzoux  model  of  the  horse, 
constructed  so  as  to  separate  and  show  in  detail  the  shape,  size, 
structure  and  relations  of  the  different  parts  of  the  body ;  two 
papier-mach6  models  of  the  hind  legs  of  the  horse,  showing  dis- 
eases of  the  soft  tissues,  — wind-galls,  bog  spavins,  etc.,  also  the 
diseases  of  the  bone  tissues,  — splints,  spavins  and  ringbones  ;  two 
models  of  the  foot,  one  according  to  Bracy  Clark's  description,  the 
other  showing  the  Charlier  method  of  shoeing  and  the  general 
anatomy  of  the  foot ;  a  full-sized  model  of  the  bones  of  the  hind 
leg,  giving  shape,  size  and  position  of  each  individual  bone  ;  thirty- 
one  full-sized  models  of  the  jaws  and  teeth  of  the  horse  and  four- 
teen of  the  ox,  showing  the  changes  which  take  place  in  these 
organs  as  the  animals  advance  in  age. 

There  is  an  articulated  skeleton  of  the  famous  stallion  Black- 
hawk,  a  disarticulated  one  of  a  thoroughbred  mare,  besides  one 
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each  of  the  cow,  sheep,  pig  and  dog ;  five  prepared  dissections  of 
the  fore  and  hind  legs  of  the  horse,  showing  position  and  relation 
of  the  soft  tissues  to  the  bones  ;  a  papier-mache  model  of  the  uterus 
of  the  mare  and  of  the  cow ;  a  gravid  uterus  of  the  cow ;  a  wax 
model  of  the  uterus,  placenta  and  foetus  of  the  sheep,  showing  the 
position  of  the  fcetus  and  the  attachment  of  the  placenta  to  the 
walls  of  the  uterus. 

In  addition  to  the  above,  there  is  a  growing  collection  of  patho- 
logical specimens  of  both  the  soft  and  osseous  tissues,  and  many 
parasites  common  to  the  domestic  animals.  A  collection  of  charts 
and  diagrams  especially  prepared  for  the  college  is  used  in  con- 
nection with  lectures  upon  the  subject  of  anatomy,  parturition  and 
conformation  of  animals. 

The  laboratory  is  supplied  with  the  usual  apparatus  required  for 
work  in  histology,  bacteriology  and  pathology,  consisting  of  Zeiss, 
Leitz  and  Reichert  microscopes,  Lautenschlager's  incubator  and 
hot-air  sterilizer,  steam  sterilizers,  etc. 

Mathematical  Department. 

At  first  glance  it  might  appear  that  mathematics  would  play  a 
very  small  part  in  the  curriculum  of  an  agricultural  college,  and, 
while  it  is  true  that  its  chief  object  is  of  a  supplementary  nature, 
it  is  equally  true  that,  entirely  aside  from  its  value  as  a  means  of 
mental  discipline,  mathematics  has  a  well  defined  and  practical 
object  to  accomplish.  In  this  day  of  scientific  experiment,  ob- 
servation and  research  on  the  farm,  the  advantages  of  a  thorough 
knowledge  of  the  more  elementary  branches  of  mathematics,  gen- 
eral physics  and  engineering  must  be  more  than  ever  apparent ; 
and  it  is  to  meet  the  needs  of  the  agricultural  college  student  in 
these  lines  that  the  work  in  the  mathematical  department  has  been 
planned. 

The  mathematics  of  the  freshman,  sophomore  and  junior  years 
are  required,  those  of  the  senior  year  elective. 

A  glance  at  the  schedule  of  studies  will  show  the  sequence  of 
subjects :  book-keeping,  algebra  and  geometery  in  the  freshman 
year ;  trigonometry,  mechanical  drawing,  mechanics  and  plane 
surveying,  —  the  latter  embracing  lectures  and  field  work  in  ele- 
mentary engineering,  the  use  of  instruments,  computation  of  areas, 
levelling,  etc.,  —  in  the  sophomore  year;  general  physics  with 
work  in  laboratory,  —  including  electricity,  sound,  light  and  heat, 
—  in  the  junior  year;  and,  finally,  two  electives  in  the  senior 
year,  —  mathematics  and  engineering,  respectively.* 

*  While  these  two  electives  are  entirely  distinct,  the  student  electing  engineering 
is  strongly  advised  to  elect  mathematics  also. 
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The  mathematical  option  includes  the  following  subjects :  fall 
term,  plane  analytic  geometry,  embracing  a  study  of  the  equations 
and  properties  of  the  point,  line  and  circle,  and  of  the  parabola, 
ellipse  and  hyperbola ;  winter  term,  differential  calculus  ;  and  sum- 
mer term,  integral  calculus. 

The  senior  engineering  option  is  designed  to  give  to  the  student 
the  necessary  engineering  training  to  enable  him  to  take  up  and 
apply,  on  the  lines  of  landscape  engineering  and  the  development 
of  property,  his  knowledge  of  landscape  gardening,  agriculture, 
forestry,  botany  and  horticulture.  It  embraces  a  course  of  lect- 
ures, recitations  and  field  work  on  the  following  subjects  :  topog- 
raphy, railroad  curves,  earth  work,  construction  and  maintenance 
of  roads,  water  works  and  sewerage  systems,  elementary  structures, 
elementary  mechanism,  etc. 

It  is  believed  that  the  engineering  elective  will  equip  the  student 
to  enter  a  comparatively  new  field,  that  of  landscape  engineering, 
which  is  coming  more  and  more  prominently  before  the  public 
attention ;  for,  with  the  increasing  consideration  which  is  being 
paid  to  the  public  health  and  the  development  and  beautifying  of 
our  towns  and  cities,  come  fresh  needs  and  opportunities. 

Chemical  Department. 

Instruction  in  general  agricultural  and  analytical  chemistry  and 
mineralogy  is  given  in  the  laboratory  building.  Thirteen  com- 
modious rooms,  well  lighted,  ventilated  and  properly  fitted,  are 
occupied  by  the  chemical  department. 

The  lecture  room,  on  the  second  floor,  has  ample  seating  capacity 
for  seventy  students.  Immediately  adjoining  it  are  four  smaller 
rooms,  which  serve  for  storing  apparatus  and  preparing  material 
for  the  lecture  table. 

The  laboratory  for  beginners  is  a  capacious  room  on  the  first 
floor.  It  is  furnished  with  forty  working  tables.  Each  table  is 
provided  with  sets  of  wet  and  dry  re-agents,  a  fume  chamber, 
water,  gas,  drawer  and  locker,  and  apparatus  sufficient  to  render 
the  student  independent  of  carelessness  or  accident  on  the  part 
of  others  working  near  by ;  thus  equipped,  each  worker  has  the 
opportunity,  under  the  direction  of  an  instructor,  of  repeating  the 
processes  which  he  has  previously  studied  in  the  lecture  room,  and 
of  carrying  out  at  will  any  tests  which  his  own  observation  may 
suggest. 

A  systematic  study  of  the  properties  of  elementary  matter  is  here 
taken  up,  then  the  study  of  the  simpler  combinations  of  the  elements 
and  their  artificial  preparation  ;  then  follows  qualitative  analysis  of 
salts,  minerals,  soils,  fertilizers,  animal  and  vegetable  products. 
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The  laboratory  for  advanced  students  has  tables  for  thirty 
workers,  with  adequate  apparatus.  This  is  for  instruction  in  the 
chemistry  of  various  manufacturing  industries,  especially  those  of 
agricultural  interest,  as  the  production  of  sugar,  starch,  fibres  and 
dairy  products ;  the  preparation  of  plant  and  animal  foods,  their 
digestion,  assimilation  and  economic  use ;  the  official  analysis  of 
fertilizers,  fodders  and  foods  ;  the  analysis  of  soils  and  waters,  of 
milk,  urine  and  other  animal  and  vegetable  products. 

The  balance  room  has  four  balances  and  improved  apparatus  for 
determining  densities  of  solids,  liquids  and  gases. 

Apparatus  and  Collections. — The  apparatus  includes  balances, 
a  microscope,  spectroscope,  polariscope,  photometer,  barometer 
and  numerous  models  and  sets  of  apparatus.  The  various  rooms 
are  furnished  with  an  extensive  collection  of  industrial  charts.  A 
valuable  and  growing  collection  of  specimens  and  samples,  fitted 
to  illustrate  different  subjects  taught,  is  also  provided.  This  in- 
cludes rocks,  minerals,  soils,  raw  and  manufactured  fertilizers, 
foods,  including  milling  products,  fibres  and  other  vegetable  and 
animal  products  and  artificial  preparations  of  mineral  and  organic 
compounds.  Series  of  preparations  are  used  for  illustrating  the 
various  stages  of  different  manufactures  from  raw  materials  to 
finished  products. 

Library. 

This  now  numbers  20,040  volumes,  having  been  increased  dur- 
ing the  year,  by  gift  and  purchase,  860  volumes.  It  is  placed  in 
the  lower  hall  of  the  chapel-library  building,  and  is  made  available 
to  the  general  student  for  reference  or  investigation.  It  is  es- 
pecially valuable  as  a  library  of  reference,  and  no  pains  will  be 
spared  to  make  it  complete  in  the  departments  of  agriculture, 
horticulture,  botany  and  the  natural  sciences.  It  is  open  from 
eight  o'clock  to  half-past  five  in  the  afternoon,  and  an  hour  and  a 
half  in  the  evening. 


PRIZES. 
BuRNHAM  Rhetorical  Prizes. 
These  prizes  are  awarded  for  excellence  in  declamation,  and  are 
open  to  competition,  under  certain  restrictions,  to  members  of  the 
sophomore  and  freshman  classes. 

Flint  Prizes. 
Mr.  Charles  L.  Flint  of  the  class  of  1881  has  established  two 
prizes,  one  of  thirty  dollars  and  another  of  twenty  dollars,  to  be 
awarded,  at  an  appointed  time  during  commencement  week,  to  the 
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two  members  of  the  junior  class  who  may  produce  the  best  ora- 
tions. Excellence  in  both  composition  and  delivery  is  considered 
in  making  the  award. 

Grinnell  Agricultural  Prizes. 
Hon.  William  Claflin  of  Boston  has  given  the  sum  of  one  thou- 
sand dollars  for  the  endowment  of  a  first  and  second  prize,  to 
be  called  the  Grinnell  agricultural  prizes,  in  honor  of  George  B. 
Grinnell,  Esq.,  of  New  York.  These  two  prizes  are  to  be  paid 
in  cash  to  those  two  members  of  the  graduating  class  who  may 
pass  the  best  written  and  oral  examination  in  theoretical  and 
practical  agriculture. 

Hills  Botanical  Prizes. 
For  the  best  herbarium  collected  by  a  member  of  the  class  of 
1900  a  prize  of  twenty  dollars  is  offered,  and  for  the  second  best 
a  prize  of  ten  dollars  ;  also  a  prize  of  five  dollars  for  the  best  col- 
lection of  native  woods. 

The  prizes  in  1899  were  awarded  as  follows  :  — 

Burnham  Rhetorical  Prizes :  Edward  S.  Gamwell  (1901),  first; 
Nathan  D.  Whitman  (1901),  second;  Ransom  W.  Morse  (1902), 
first;  Maurice  A.  Blake  (1902),  second. 

Flint  Oratorical  Prizes:  Arthur  C.  Monahan  (1900),  first; 
Howard  Baker  (1900),  second. 

Grinnell  Agricultural  Prizes:  Bernard  H.  Smith  (1899),  first; 
Samuel  E.  Smith  (1899),  second. 

Hills  Botanical  Prizes:  Charles  M.  Walker  (1899),  first. 

Prize  in  Drawing,  given  by  William  H.  Armstrong,  '99  :  Hubert 
C.  James  (1902). 

Dairy  Prizes,  given  by  the  Massachusetts  Society  for  Promoting 
Agriculture  :  greatest  improvement,  Clarence  E.  Buckley,  first 
(fifty  dollars  in  gold)  ;  Arthur  H.  Nourse,  second  (thirty  dollars 
in  gold)  ;  Curtis  M.  Blair,  third  (twenty  dollars  in  gold). 


RELIGIOUS   SERVICES. 

Chapel  exercises  are  held  every  week-day  at  8  a.m.  Public  wor- 
ship in  the  chapel  every  Sunday  at  9.15  a.m.  Further  opportu- 
nities for  moral  and  religious  culture  are  afforded  by  a  Bible  class 
taught  by  one  of  the  professors  for  an  hour  every  Sabbath  after- 
noon and  by  religious  meetings  held  on  Sunday  afternoon  and 
during  the  week,  under  the  auspices  of  the  College  Young  Men's 
Christian  Association. 
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LOCATION. 

Amherst  is  on  the  New^  London  Northern  Railroad,  connecting 
at  Palmer  with  the  Boston  &  Albany  Railroad,  and  at  Miller's 
Falls  with  the  Fitchburg  Railroad.  It  is  also  on  the  Central 
Massachusetts  Railroad,  connecting  at  Northampton  with  the 
Connecticut  River  Railroad  and  with  the  New  Haven  &  North- 
ampton Railroad. 

The  college  buildings  are  on  a  healthful  site,  commanding  one 
of  the  finest  views  in  New  England.  The  large  farm  of  four 
hundred  acres,  with  its  varied  surface  and  native  forests,  gives  the 
student  the  freedom  and  quiet  of  a  country  home. 


REPORTS. 


TREASUEER'S  REPORT. 


Report  of  George  F.  Mills,  Treasurer  of  Massachusetts   Agri- 
ctdtural  College,  from  Jan.  1,  1899,  to  Jan.  1,  1900. 


Received. 

Paid. 

Cash  on  hand  Jan.  1,  1899,      .... 

$1,423  38 

_ 

State  treasurer,  endowment  fund,  . 

11,435  12 

- 

State  treasurer,  maintenance  fund. 

6,000  00 

- 

State  treasurer,  labor  fund,     . 

5,000  00 

$4,654  92 

State  treasurer,  maintenance  fund,  special, 

7,500  00 

- 

State  treasurer,  scholarship  fund,  . 

10,000  00 

- 

State  treasurer,  Morrill  fund, . 

16,666  66 

- 

Gassett  scholarship  fund,  income,  . 

40  00 

25  00 

Mary  Robinson  fund,  income, 

85  84 

75  00 

Whiting  Street  fund,  income,  . 

60  40 

60  00 

Burnham  emergency  fund,  income. 

102  32 

96  66 

Grinnell  prize  fund,  income,  . 

40  00 

40  00 

Hills  fund,  income,  . 

356  16 

194  59 

Library  fund,  income, 

416  84 

416  84 

Salary,     .... 

165  00 

27,621  77 

Extra  instruction,    . 

- 

406  00 

Botanical  laboratory. 

104  15 

180  88 

Chemical  laboratory. 

589  77 

820  62 

Entomological  laboratory. 

26  00 

18  94 

Veterinary  laboratory,     . 

1,019  94 

718  91 

Zoological  laboratory,     . 

129  26 

161  24 

Terra  bill, 

8,274  27 

876  52 

Advertising,     . 

_ 

376  50 

Electric  equipment. 

734  29 

2,802  86 

Agricultural  department, 

555  55 

1,296  78 

Farm,       .... 

8,141  80 

13,368  21 

Horticultural  department, 

4,594  57 

7,170  20 

Expense,  .... 

2,146  42 

13,021  81 

Insurance, 

- 

1,007  00 

Investment, 

4  00 

- 

Burnham  emergency  fund, 

3,000  00 

- 

Cash  on  hand  Jan.  1,  1900, 

- 

-  7,700  99 

182,561  74 

182,561  74 

This  is  to  certify  that  I  have  this  day  examined  the  accounts  from  Jan.  1,  1899,  to 
Jan.  1, 1900,  of  George  F.  Mills,  treasurer  of  Massachusetts  Agricultural  College,  and 
tind  the  same  correct  and  properly  kept.  All  disbursements  are  vouched  for,  the 
balance  in  the  treasury  being  seven  thousand,  seven  hundred  dollars  and  ninety-nine 
cents  ($7,700.99),  which  sum  is  shown  to  be  in  the  hands  of  the  treasurer. 

CHARLES  A.  GLEASON,  Auditor. 
Amherst,  Dec.  28,  1899. 
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Cash  on  Hand,  as  shown  by  the  Treasurer's  Statement,  belongs 
TO  THE  Following  Accounts: 

Gassett  scholarship  fund $26  02 

Whiting  Street  fund 1191 

Grinnell  prize  fund, 30  00 

Burnham  emergency  fund, 94  70 

Hills  fund, 150  56 

Labor  fund, 661  83 

College,    . 6,725  97 


Bills  Payable. 


$7,700  99 


Bills  Receivable  Jan.  1,  1900. 

Botanical  laboratory,       ...... 

Chemical  laboratory,        ...... 

Entomological  laboratory, 

Zoological  laboratory, 

Electric  equijiment, . 

Term  bill, 

Mary  Robinson  Fund, 

Farm,        ......... 

Horticultural  department. 

Expense,  .        .        ....... 


P2 

40 

471 

39 

4  00 

85 

74 

165 

59 

421 

23 

23 

56 

908 

79 

680  46 

66 

18 

Chemical  laboratory. 

Veterinary  laboratory, 

Electric  equipment, . 

Term  bill, 

Farm, 

Horticultural  department. 

Expense,  .... 


Inventory  —  real  estate. 

Land.  {Estimated  Value) . 
College  farm, $37,000  00 


Pelham  quarry. 
Bangs  place, 
Clark  place, 


600  00 
2,350  00 
4,500  00 


$2,689  34 


$182  77 

2 

03 

209  00 

10 

45 

61 

02 

272 

27 

683 

15 

$1,420  69 


$44,350  00 


Amount  carried  forward. 


$44,350  00 
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Amount  brought  forward,         ......    $44,350  00 


Buildings  (^Estimated  Value) 

Drill  hall,  .        .        .        . 

Towder  house,  . 

Gun  shed,  .        .         .        . 

Stone  chapel,    .... 

South  dormitory, 

North  dormitory. 

Chemical  laboratory, 

Entomological  laboratory. 

Veterinary  laboratory. 

Farm  house,      . 

Horse  barn,       .... 

Farm  barn  and  dairy  school,    . 

Graves  house  and  barn,    . 

Boarding  house. 

Botanic  museum. 

Botanic  barn,    .... 

Tool  house,       .        .        .        . 

Durfee  plant  house  and  fixtures, 

Small  plant  house,  with  vegetable 

cold  grapery. 
President's  house, 
Dwelling  houses  purchased  with  farm, 


cellar 


and 


EQUIPMENT. 


Botanical  department. 

Horticultural  department. 

Farm, 

Chemical  laboratory, 

Botanical  laboratory, 

Zoological  laboi'atory. 

Zoological  museum, 

Vetei'inary  laboratory, 

Physics  and  mathematics, 

Agricultural  department, 

]  library,     . 

Fire  apparatus. 

Furniture, 

Text  books. 

Tools  and  lumber. 

Electric  equipment  and  supplies. 


$5,000  00 

75  00 

1,500  00 

30,000  00 

35,000  00 

25,000  00 

8,000  00 

3,000  00 

22,500  00 

2,000  00 

6,000  00 

33,000  00 

2,500  00 

2,000  00 

5,500  00 

2,500  00 

2,000  00 

13,000  00 

4,700  00 

6,500  00 

6,000  00 

■  213,775  00 

$258,125  00 

$3,610  00 

12,434  12 

16,339  95 

2,210  00 

2,456  63 

1,910  38 

6,238  25 

4,619  23 

5,213  00 

3,250  00 

20,040  00 

650  00 

600  00 

251  14 

259  40 

6,354  60 

185,336  60 
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Summary. 
Assets. 
Total  value  of  real  estate,  per  inventory, 
Total  value  of  equipment,  per  inventory, 

Bills  receivable, 

Cash  on  hand, 


Liabilities. 


Bills  payable,   . 
Burnhaiu  emergency  fund, 


Maintenance  Funds. 

Technical    educational    fund.  United    States 
grant,* 

Technical  educational  fund,  State  grant,* 

Morrill  fund,  in  accordance  with  act  of  Con 
gress,  approved  Aug.  30,  1890,     . 

Hills  fund, 

State  appropriation  made  by  Legislature  of 
1896  for  four  years,       .... 

Labor  fund,  ajDpi'opriation  made  by  Legislat- 
ure of  1896  for  four  years,   ... 


,  f2.58,125  00 

,      85,336  60 

2,689  34 

7,700  99 

$353,851  93 


$1,420  69 
8,955  29 


5,375  98 


,475  95 

Fund.  Income  In  '99. 

$219,000  00  $7,300  00 
141,575  35   4,135  12 

16,666  66 
8,542  00    356  16 

6,000  00 

5,000  00 


Scholarship  Funds. 
State  fund,  appropriated  by  the  Legislature 

of  1886, 

Whiting  Street  fund, 

Gassett  fund, 

Mary  Robinson  fund, 


10,000  00 

$1,260  00  60  40 

1,000  00  40  00 

858  00  35  84 


Grinnell  prize  fund. 


Prize  Fund. 


$1,000  00 


40  00 


Miscellaneous  Funds. 

Library  fund, $10,546  12 

Investment,  N.  Y.  C.  &  H,  R.  R.R.  stock,        .  100  00 

Burnham  emergency  fund,       .        .        .        .  4,044  71 


416  84 

4  00 

102  32 


),157  34 


Two-tbirds  of  the  income  of  these  funds  comes  to  the  college. 
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FAEM  REPORT. 


The  operations  on  the  college  farm  during  the  year  just  past 
require  no  extended  notice.  The  expenses  during  the  few  years 
covering  and  immediately  following  the  erection  of  the  new  barns 
and  the  slaughter  of  our  old  herd  of  cattle  and  the  purchase  of  the 
new,  had  been  large  ;  while  the  returns  from  our  dairy,  as  was  to 
be  anticipated,  had  been  much  smaller  than  our  average.  The 
past  year  has,  therefore,  been  made  one  of  close  economy,  the 
farm  operations  having  been  limited  for  the  most  part  to  the  ordi- 
nary routine  work,  in  the  effort  to  curtail  expenses  in  every  pos- 
sible way. 

The  results  have  been  highly  satisfactory  from  a  financial  point 
of  view,  the  farm  having  much  more  nearly  met  all  expenses  than 
during  any  year  in  the  recent  past.  This  result  is  due  in  consid- 
erable measure  to  increasing  returns  from  the  dairy,  —  the  conse- 
quence in  part  of  increased  product,  but  in  large  measure  also  to 
sales  at  satisfactory  prices,  through  arrangements  which  have  been 
made  by  the  superintendent  for  disposing  of  the  product  directly 
to  consumers.  To  the  careful  attention  also  of  the  superintendent 
to  the  many  details  connected  with  the  purchase  of  supplies  and 
the  disposal  of  other  farm  products  must  be  ascribed  no  inconsid- 
erable share  of  the  credit  for  our  better  financial  showing.  In- 
creasing sales  of  stock  and  contracts  with  seedsmen  for  new 
varieties  of  millet  and  soy  bean  seed  at  profitable  prices  must  also 
be  named  as  among  the  factors  which  have  contributed  to  our 
success. 

The  nature  of  the  farm  operations  and  the  financial  returns  from 
the  various  crops  are  suflSciently  shown  in  the  following  table  :  — 
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The  manure  produced  is  generally  spread  about  as  fast  as  made. 
It  is  almost  invariably  applied  after  ploughing,  and  harrowed  in 
if  the  season  permits.  Manure  applied  in  the  winter  lies  upon  the 
surface  until  spring,  when  it  is  lightly  ploughed  or  harrowed  in. 
Fertilizers  are  for  the  most  part  spread  broadcast  after  ploughing, 
though  a  small  portion  for  corn  and  about  one-half  for  potatoes  is 
put  in  the  drills.  The  kinds  and  amounts  of  manures  used  are 
shown  in  the  following  table  :  — 


Manures  and  Fertilizers  for  the  Several  Crops,  per  Acre,  1899. 
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Manure,  cords  per  acre,      .... 
Plain  superphosphate,  pound^s  per  acre,  . 
Dried  blood,  pounds  per  acre,  . 
Tankage,  pounds  per  acre, 
Muriate  of  potash,  pounds  per  acre. 
High-grade  sulfate  of  potash,    . 
Nitrate  of  soda 

100 
150 

4 

- 

- 

8 
200 

200 
100 

6 
250 

150 

200 

8 

500 
500 

350 
200 

7 
200 

150 
100 

2 
300 
200 

300 
200 

Live  Stock. 

Our  large  herds  and  flock,  as  well  as  the  horses,  have  maintained 
a  high  average  of  health  for  the  year,  and  the  breeding  increase 
has  been  satisfactory.  It  will  soon  be  possible  to  discard  all 
except  the  very  best  Dakota  cows,  their  places  being  taken  by 
their  descendants,  sired  by  high-bred  dairy  bulls  of  the  leading 
breeds,  animals  many  of  which  give  good  promise  of  superior 
dairy  qualities.  The  kinds  and  numbers  of  the  various  classes 
are  as  follows  :  — 

Horses.  —  French  Coach,  1  stallion,  1  mare  and  1  foal ;  Perch- 
eron,  1  stallion ;  French  Coach,  half  blood,  3  colts ;  Percheron, 
three-fourths  blood,  2  mares  ;  work  horses,  4  ;  total  13. 

Neat  Cattle. — Jersey,  1  bull,  1  cow  and  2  heifers;  Guernsey, 
1  bull ;  Ayrshire,  1  cow  and  1  heifer ;  Shorthorn,  1  bull  and  1 
heifer  ;  Holstein-Friesian,  1  cow  and  2  heifers  ;  Dakota  and  grade, 
37  cows  ;  grade  heifers,  19  ;  calves,  3  ;  total,  71. 

Sheep.  —  Southdowns,  males,  3  ;  breeding  ewes,  28  ;  ewe  lambs, 
17 ;  total,  48. 
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Sioine.  —  Middle  Yorkshire,  1  boar,  4  breeding  sows  and  28 
shoats  ;  Tarn  worths,  1  boar,  2  breeding  sows  and  12  pigs ;  Poland- 
China,  1  boar,  1  breeding  sow,  3  shoats  and  4  pigs ;  Berkshire, 
2  breeding  sows  and  9  pigs ;  Belted,  1  boar  and  1  sow  ;  total,  70. 

Improvements. 

As  has  already  been  indicated,  this  has,  in  the  main,  been  a 
year  of  routine  work.  Still,  a  few  improvements  of  considerable 
prominence  have  been  made.  Most  important  are  the  provisions 
which  have  been  completed  whereby  our  breeding  sows  and  grow- 
ing pigs  may  be  pastured  during  the  summer.  This  change  in  plan 
has  enabled  us  to  maintain  our  large  stock  of  these  animals  in  bet- 
ter condition  and  at  much  less  expense  than  ever  before.  We  find 
the  breeding  increase  much  more  satisfactory  than  when  the  ani- 
mals are  confined  in  pens. 

This  change  has  rendered  necessary  the  erection  of  a  house  for 
shelter  and  for  feeding  in  the  pasture  which  lies  just  west  of  the 
"ravine."  This  house  has  been  substantially  constructed,  and  is 
25  by  30  feet  in  size.  The  area  mainly  depended  upon  for  past- 
ure, S^  acres,  has  been  inclosed  with  Page  fence,  a  total  of  1,600 
feet  having  been  strongly  put  up  for  this  purpose.  Besides  this, 
another  much-needed  improvement  has  been  provided  by  the  erec- 
tion of  1,000  feet  of  Page  fence  on  one  side  of  our  sheep  pasture. 

Other  minor  improvements  include  a  new  service  stall,  a  new 
system  of  drains  under  the  horse  barn  and  a  new  body  for  the 
Concord  wagon,  while  repairs  to  machinery  and  buildings  have 
been  carefully  attended  to. 

Financial  Outcome. 

The  cash  receipts  for  the  year  for  stock  and  produce  sold  and 
labor  performed  for  outside  parties  have  in  the  aggregate  amounted 
(Dec.  15,  1898,  to  Dec.  15,  1899)  to  $8,011.93,  and  there  is  still 
due  on  sundry  accounts  $908.79,  making  a  grand  aggregate  of 
credit  transactions  of  $8,920.72,  which  it  is  believed  is  the  largest 
in  the  history  of  the  college  farm.  The  cash  received  has  come 
from  the  following  sources  :  milk  and  cream,  $3,269.26  ;  cattle, 
$669.17;  horses,  $289.50;  swine,  $105.31 ;  sheep,  $139.10  ;  hay, 
$535.88  ;  potatoes,  $823.08  ;  celery,  $388.13  ;  team  labor,  $781.41 ; 
millet  seed,  $536.99  ;  soy  beans,  $330.19  ;  and  sundries,  $143.91. 

The  cash  payments  of  the  year  have  amounted  to  $9,675.50, 
which  is  about  $1,000  less  than  last  year,  while  the  credits  are 
$1,699.95  greater.  When  it  is  added  that  the  inventory  of  this 
year  slightly  exceeds  that  of  last,  it  will  be  seen  that  the  results 
of  the  year  are  very  satisfactory. 
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In  conclusion,  let  me  say  that  to  the  members  of  the  farm  com- 
mittee of  the  board  of  trustees,  who  have  devoted  much  time  to 
the  affairs  of  the  farm,  is  due  much  praise.  The  interest  that  has 
been  shown  and  the  suggestions  made  have  been  exceedingly  help- 
ful and  stimulating.  To  the  farm  superintendent,  Mr.  E.  A. 
Jones,  with  whom  the  execution  of  plans  and  in  some  measure 
their  suggestion  have  been  left,  must  be  ascribed  a  lion's  share  of 
the  credit  for  the  result  of  the  year. 


Amherst,  Dec.  16,  1899. 


WM.   P.   BROOKS, 

Director,  College  Farm 
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GIFTS. 


From  Massachusetts  Society  for  Promoting  Agriculture,  one 
hundred  dollars  in  prizes  for  Dairy  School. 

Atherton  Clark  and  Mrs.  Frank  Stearns  of  Boston,  por- 
trait of  Pres.  Wm.  S.  Clark. 

A.  M.  Lyman,  Montague,  one  pair  Belted  swine. 

Baker  Manufacturing  Company,  Racine,  "Wis.,  one  dozen 
sheep  collars. 

J.  Montgomery  Sears,  Southborough,  one  pair  Poland- 
China  swine,  one  Jersey  bull. 

Nitrate  of  Soda  Syndicate,  New  York,  five  tons  nitrate  of 
soda. 

German  Kali  Works,  New  York,  three  and  one-half  tons 
muriate  of  potash,  two  and  one-fourth  tons  high-grade  sul- 
fate of  potash,  one-fourth  ton  low-grade  sulfate  of  potash. 

Solomon  Fuller,  Danvers,  one  wheel  hand  cultivator. 

J.  J.  H.  Gregory,  Marblehead,  collection  of  seeds  from 
India,  seeds  from  individual  plants,  —  carrots,  onions, 
cabbages,  corn,  etc. 

Peter  Henderson  &  Co.,  New  York,  seeds  from  individual 
plants,  —  carrots,  cabbages,  onions,  etc. 

Chas.  Richardson,  new  seedling  camellia. 

Gould  Manufacturing  Company,  Seneca  Falls,  N.  Y.,  one 
Kerowater  spray  pump. 

George  Cruickshanks,  Fitchburg,  one  fine  specimen  natural 
graft. 

S.  Warner,  Hatfield,  specimen  for  museum. 

Dr.  M.  North  (M.  A.  C,  '89),  Cambridge,  specimen  for 
museum. 

W.  A.  Snow  &  Co.,  Boston,  narrow-channel  gutters  for  stall 
floor. 

Expanding  Tread  Company,  New  York,  sample  of  "  Rough 
Rider"  horseshoe. 

C.  S.  Dickinson,  North  Amherst,  two  specimens  for  museum. 

A.  C.  Wilson  (M.  A.  C,  1901),  Boston,  red  fox  (adult). 
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From  W.  H.Armstrong  (M.  A.  C,  '99),  Cambridge,  red  fox 
(young) . 
Wm.  p.  Brooks  (M.  A.  C,  '75),  Amherst,  weasel. 
E.  L.  Macomber  (M.  a.  C,  1901),  Taunton,  gray  squirrel. 

A.  M.  West  (M.  A.  C,  1900) ,  Brookville,  downy  woodpecker, 
red-shouldered  hawk,  pigeon  hawk,  meadow  lark,  two  palm 
warblers,  two  yellow  rumped  warblers,  ruby  crowned 
kinglet,  three  American  goldfinch,  two  Phoebe  birds,  red- 
winged  blackbird,  Wilson's  thrush,  three  cowbirds,  two 
white-throated  sparrows,  three  field  sparrows,  three  chip- 
ping sparrows,  fox  sparrow,  belted  kingfisher. 

J.  A.  Nash,  Amherst,  hawk. 

E.  S.  Gamwell  (M.  a.  C,  1901),  Pittsfield,  hawk,  two 
spotted  turtles. 

James  Lewis  (M.  A.  C,  1900),  Fairhaven,  red-eyed  vireo 

and  nest,  cowrie  shell. 
G.  F.  Parmenter  (M.  A.  C,  1900),  Dover,  red-tailed  hawk, 

two  cowbirds. 
Howard  Baker  (M.  A.  C,  1900),  Dudley,  woodcock. 

F.  H.  Brown  (M,  A.  C,  1900),  Newton  Centre,  barn  owl. 
E.  H.  Sharpe,  Northfield,  Cooper's  hawk,  spread  adder, 

black  snake,  ring-necked  snake,  milk  snake. 
J.  B.  Knight  (M.  A.  C,  '92),  Belchertown,  white-throated 
sparrow. 

D.  A.  Beaman  (M.  a.  C,  '99),  Leverett,  flicker. 

B.  G.  Cochrane,  Boston,  common  eel. 

Estate  of  E.  Lewis  Stdrtevant,  one  hundred  and  four 
volumes  on  subjects  pertaining  to  botany  and  horticult- 
ure. 

James  H.  Webb  (M.  A.  C,  '73),  New  Haven,  Conn., 
twenty  volumes,  miscellaneous  subjects. 

Hon.  Geo.  F.  Hoar,  Worcester,  seven  volumes  government 
publications. 

E.  W.  Carpenter  and  C.  F.  Morehouse,  Amherst,  three 
volumes  Amherst  Record. 

James  F.  Lewis,  Tales  of  the  Malayan  Coast. 

Chas.   S.  Plumb   (M.  A.  C, '82),  Lafayette,  Ind.,  three 

volumes  Indiana  State  Dairy  Association. 
Chas.  P.  Lodnsburt  (M.  A.  C,  '94),  Cape  Town,  Africa, 

reports  of  government  entomologist,  Cape  of  Good  Hope. 
George  E.  Stone  (M.  A.  C,  '86),  Amherst,  six  volumes 

Literary  Digest. 
Wm.  H.  Caldvtell   (M.  A.  C,  '87),  Peterboro,  N.  H., 

Herd  Register  and  Breeder's  Journal  (Guernsey) . 
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From  Sir  John  B.  Lawes,  St.  Albans,  Eng.,  Rothamsted  Memoirs 
on  Agricultural  Chemistry,  Physiology,  etc. 
M.  L.  Eavaz,  Effets  de  la  foudre  sur  la  vigne. 
Charles  Janet,  Etudes  sur  les  fourmis,  les  guepes  et  les 
abeilles. 


Machinery  loaned  for  Use  in  Dairy  School. 
From  Vermont  Farm  Machine  Company,  Bellows  Falls,  Vt.,  four 
separators. 
DeLaval  Separator  Company,  New  York,  four  separators. 
P.  M.  Sharpless,  West  Chester,  Pa.,  one  separator. 
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Introduction. 

The  Thysanoptera  form  a  group  of  insects  which,  on  account 
of  their  small  size  and  apparent  insignificance,  have  been  much 
neglected  by  entomologists.  Their  position  with  reference  to  other 
groups  has  accordingly  been  doubtful,  and  at  various  times  they 
have  been  assigned  a  place  in  no  less  than  three  different  orders. 
Linnaeus  considered  thrips  as  having  affinities  with  the  Hemiptera, 
and  placed  them  in  a  genus  immediately  following  his  genus  Coccus. 
While  some  of  the  followers  of  Linnaeus  retained  them  in  this  posi- 
tion, others  referred  them  to  the  Orthoptera  and  still  others  to 
the  Pseudoneuroptera.  More  recently,  however,  they  have  been 
placed  in  an  order  by  them  selves,  to  which  the  names  Thysanoptera 
and  Physopoda  (Physapoda)  have  been  given ;  but,  as  the  former 
has  priority,  it  should  be  adopted. 

Although  these  insects  are  widely  distributed  and  extremely 
abundant,  being  found  in  profusion  in  very  many  flowers,  less  than 
one  hundred  and  fifty  species  have  been  described,  of  which  about 
one  hundred  and  twenty  are  from  Europe  and  less  than  twenty 
from  the  United  States.  They  range  in  size  from  one-fiftieth  to 
one-third  of  an  inch  in  length,  the  latter  size  having  thus  far  been 
found  only  in  Australian  species.  Undoubtedly  the  diflSculties  en- 
countered in  studying  and  accurately  interpreting  the  mouth  parts 
of  such  small  animals  have  had  much  to  do  with  the  confusion  re- 
garding the  systematic  position  of  this  group  of  insects. 

Their  mouth  parts  (Plate  III.,  figs.  19,  20,  21  and  22)  are  inter- 
mediate in  form  between  those  of  sucking  and  of  chewing  insects, 
but  they  probably  take  their  food  by  suction.  The  mouth  parts 
and  other  structures  of  the  head  are  in  part  asymmetrical,  a  fact 
of  considerable  interest,  as  is  also  the  location  of  the  stigmata 
(Plate  I.,  figs.  1  and  3).  These  are  situated  in  adults  upon  the 
anterior  angle  of  each  side  of  the  mesothorax  and  on  each  side  of 
the  first  and  eighth  abdominal  segments.  A  fourth  pair,  which  is 
less  conspicuous,  is  found  upon  the  metathorax  behind  the  place 
of  attachment  of  the  hind  wings.  In  the  larvffi  the  abdominal 
stigmata  are  found  upon  the  second  and  eighth  segments. 


84  AGRICULTURAL   COLLEGE.  [Jan. 

The  metamorphosis  also  is  interesting.  The  larva  resembles 
the  adult  in  form,  and  has  similar  mouth  parts  and  food  habits. 
The  pupa,  however,  takes  no  nourishment,  and  is  enclosed  in  a 
transparent  skin,  which  is  finally  moulted  as  the  insect  reaches  the 
adult  form.  The  pupas  of  some  species  possess  a  slight  power  of 
motion,  their  movements  being  very  sluggish  and  uncertain  ;  others 
are  entirely  motionless,  and  appear  to  have  a  nearly  complete 
metamorphosis . 

The  members  of  this  order  live  in  flowers,  upon  the  leaves  or 
under  the  bark  of  plants  and  trees  and  in  turf  or  fungi.  In  Aus- 
tralia they  are  said  to  form  galls  upon  the  leaves  of  trees,  and  in 
our  own  country  they  have  been  frequently  reported  as  inhabiting 
galls  formed  by  other  insects.  Several  species  have  long  been  con- 
sidered injurious  to  cultiv'ated  plants,  especially  to  cereals.  Ex- 
tensive damage  to  grass  also  has  been  reported  from  all  of  the  New 
England  States,  New  York,  southern  Canada,  Ohio,  northern  Illi- 
nois and  Iowa.  Without  doubt  the  insect  causing  this  damage  in- 
fests a  much  larger  territory  than  this,  for  it  is  so  small  that  it 
easily  escapes  observation,  and  the  damage  really  done  by  it  is 
often  attributed  to  other  agencies.  In  order  to  become  familiar 
with  its  life  history,  studies  were  made  upon  it  at  the  entomolog- 
ical laboratory  of  the  Massachusetts  Agricultural  College,  under  the 
supervision  of  Prof.  C.  H.  Fernald,  to  whom  I  am  much  indebted 
for  his  able  direction  and  kind  encouragement  in  carrying  on  this 
work,  the  results  of  which  are  here  given. 

History. 

In  1875,  Prof.  J.  H.  Comstock,  in  his  "  Syllabus  of  a  Course 
of  Lectures,"  mentioned  a  species  of  thrips  which  was  doing  very 
great  damage  to  timothy  and  June  grass  by  working  in  the  upper 
joints.  To  this  insect,  of  which  he  had  seen  only  the  larv£e  at 
that  time,  he  gave  the  name  Limothrips  poapJiagus ;  but  he  pub- 
lished no  description  of  it  previous  to  the  appearance  of  his  "  In- 
troduction to  Entomology,"  in  1888. 

Five  years  before  this  latter  date.  Prof.  Herbert  Osborn  pub- 
lished, in  the  "  Canadian  Entomologist,"  Vol.  XV.,  page  155,  the 
description  of  a  species  of  thrips,  under  the  name  of  Thrips  stri- 
ata. The  description  was  made  from  a  single  specimen,  and  the 
^food  plant  was  unknown  to  Professor  Osborn  ;  but  the  published 
description  agreed  so  closely  with  the  "  grass  thrips"  that  the  two 
were  suspected  to  be  identical.  Not  knowing  whether  Limothrips 
poaphagus  Comst.  and  Thripjs  striata  Osb.  were  positively  synon- 
ymous, I  sent  some  of  my  specimens  to  the  Division  of  Ento- 
mology at  Washington  for  determination,  where  they  were  referred 
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to  Mr.  Theo.  Pergande,  one  of  the  highest  authorities  on  this 
group  of  insects,  who  expressed  the  opinion  that  the  specimens  were 
identical  with  Thrips  striata  Osb.,  and  placed  them  in  the  genus 
Anapliothrips  Uzel.  This  is  the  only  known  genus  in  which  some 
of  the  species  have  a  distinct  oblique  suture  near  the  end  of  the 
sixth  antennal  segment.  I  have  made  a  critical  study  of  the  genera 
in  Uzel's  "  Monographic  der  Ordnung  Thysanoptera,"  and  agree 
with  Mr.  Pergande  that  this  insect  should  be  placed  in  the  genus 
Anapliothrips,  which  is  characterized  as  follows  :  — 

Genus  ANAPHOTHEIPS  Uzel,  Mon.  der  Ordnung  Thys., 
page  143  (1895). 

Ocelli  present,  body  furnished  only  with  short  hairs  ;  but  there 
are  no  long  bristles  at  the  end  of  the  abdomen  and  the  hind  angles 
of  the  prothorax.  The  antenna  has  eight  segments,  both  segments 
of  the  stylus  being  moderately  long.  The  species  virgo  has  the 
sixth  segment  of  the  antenna  broken  near  the  end  by  an  oblique 
suture,  so  that  the  antenna  appears  to  have  nine  segments.  Max- 
illary palpi  with  three  segments.  Prothorax  about  as  long  as  the 
head.  Legs  unarmed.  Wings  generally  present,  but  the  species 
virgo  is  generally  wingless.  The  cilia  in  the  fringe  of  the  costa 
of  the  fore  wing  are  exceedingly  short.  The  bristles  on  the  veins 
are  fine,  and  generally  very  short  and  inconspicuous.  The  bristles 
at  the  end  of  the  abdomen  are  also  very  short  and  fine ;  but  in 
virgo  and  sordida  the  bristles  on  the  end  of  the  ninth  abdominal 
segment  are  short  and  stout.  The  males  generally  have  two  pairs 
of  very  short,  stout  spines  on  the  upper  side  of  the  ninth  abdominal 
segment,  the  anterior  pair  being  much  larger  than  the  posterior. 
The  species  belonging  here  have  no  power  to  leap. 

For  the  purpose  of  making  a  comparative  study  of  the  material 
before  me  with  the  types  of  Professors  Comstock  and  Osborn, 
Professor  Fernald  obtained  the  loan  of  these  types,  and  I  find 
upon  making  the  comparison  that  Limothrips  poaphagus  Comst. , 
Thrips  striata  Osb.,  and  the  species  which  I  have  found  in  such 
abundance  here  in  Amherst  and  upon  which  I  have  made  the 
studies  given  in  this  paper,  are  identical ;  and,  as  the  species  was 
first  described  by  Osborn,  his  name  should  hold,  and  this  insect 
be  known  by  the  scientific  name  of  Anaphothrips  striata  (Osb.). 

Since  Professor  Comstock's  first  mention  of  the  injury  done  by 
this  species  of  thrips  to  June  grass  and  timothy,  several  economic 
entomologists  have  referred  to  the  most  conspicuous  effects  of  its 
work,  the  dead  tops  of  these  grasses,  as  "  silver-top"  or  "  white- 
top."  Many  have  questioned  the  agency  of  thrips  in  producing 
this  injury,  and  have  ascribed  it  to  some  other  suctorial  insect ; 
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but  the  majority  of  writers  were  inclined  to  credit  thrips  with  a 
part,  if  not  all,  of  this  damage.  As  they  had  no  means  of  iden- 
tifying the  little  pest,  they  have  usually  referred  to  it  as  the 
"  grass  thrips."  This  name  has  been  very  generally  used  for  this 
species,  but  not  for  any  other  so  far  as  I  can  learn,  and  I  have 
therefore  adopted  it  as  the  common  name. 

Methods  of  Study. 

It  was  evident  at  the  beginning  of  these  studies  upon  the  grass 
thrips  that  the  insects  must  be  brought  into  the  laboratory,  where 
close  observations  could  be  made  upon  individuals  through  all 
their  stages.  For  this  purpose,  large-mouthed,  two-ounce  bottles 
were  used.  In  these  bottles  specimens  of  the  larvae  taken  from 
the  stems  of  "  silver-topped  June  grass"  were  confined  upon  the 
leaves  of  their  usual  food  plant.  The  successive  stages  were  ob- 
served, and  specimens  mounted  for  more  critical  examination  under 
a  compound  microscope.  In  this  way  generation  after  generation 
was  followed  through  the  year.  It  was  found  that  mounts  in 
Canada  balsam  best  preserved  the  coloration  and  natural  appear- 
ance of  the  insect.  The  most  satisfactory  results  were  obtained 
by  killing  and  allowing  the  specimens  to  stand  for  a  few  hours  in 
xylol  before  mounting  in  balsam  dissolved  in  xylol.  This  method, 
however,  does  not  show  the  finer  details  of  the  external  anatomy. 
For  these,  the  most  satisfactory  results  were  obtained  by  first 
allowing  the  specimen  to  macerate  in  a  ten  per  cent,  solution  of 
potash  from  twenty-four  to  thirty-six  hours,  and  then  mounting  in 
glycerine.  If  the  natural  form  of  the  body  is  desired,  the  speci- 
men may  be  removed  from  the  potash  solution  and  boiled  slightly 
in  a  drop  of  glycerine  upon  a  slide.  This  removes  the  potash 
from  the  interior  of  the  body,  and  renders  it  clear.  The  specimen 
is  then  transferred  to  a  cell,  with  glycerine  as  the  medium. 

White  zinc  cement  makes  a  very  satisfactory  cell,  as  it  can  be 
built  up  rapidly,  dries  quickly,  and,  if  properly  finished,  is  very 
firm  and  durable.  In  mounts  made  in  this  way  over  three  years 
ago  the  glycerine  has  had  no  appreciable  effect  upon  the  cement. 
Zinc  cells,  however,  require  a  few  days  to  dry  before  becoming 
firm  enough  for  use. 

Better  mounts  for  use  with  high-power  objectives  may  be  made 
without  a  cell.  The  specimen  may  be  transferred  directly  from 
the  potash  to  a  small  drop  of  glycerine  upon  the  centre  of  a  slide, 
and  covered  with  a  slip.  All  surplus  glycerine  should  be  carefully 
boiled  out  and  removed  with  a  small  piece  of  filter  paper.  This 
mount  should  also  be  finished  with  a  coat  of  white  zinc  cement. 
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Some  specimens  which  were  mounted  directly  in  cold  glycerine 
appeared  to  be  very  satisfactory  at  first,  but,  after  standing  for 
some  weeks,  masses  of  needle-shaped  crystals  formed  over  the 
exterior  of  the  insect,  so  as  to  obscure  its  outlines  and  render  the 
mount  practically  useless.  No  analysis  was  made  of  these  crys- 
tals, but  they  may  have  been  phosphates  which  had  been  dissolved 
in  the  internal  juices  of  the  body.  The  glycerine  gradually  ex- 
tracts these  juices,  and,  as  the  phosphates  held  by  them  would  be 
insoluble  in  glycerine,  they  immediately  formed  a  crystalline  pre- 
cipitate. 

Laboratory  results  have  been  verified  as  far  as  possible  by  field 
observation. 

Egg.     (Plate  IV.,  Fig.  29.) 

The  females  deposit  their  eggs  in  the  tissue  of  the  leaf,  selecting 
those  parts  which  are  fresh  and  tender,  and  appear  to  oviposit  as 
readily  during  the  night  as  they  do  in  daylight.  The  process  of 
oviposition  is  as  follows  :  The  female  arches  her  abdomen  so  as  to 
bring  the  weight  of  her  body  to  bear  upon  the  slender  four-valved 
ovipositor  (Plate  III.,  fig.  18),  which  is  attached  to  the  ventral 
side  of  the  eighth  and  ninth  segments  (Plate  IV.,  fig.  31).  The 
ovipositor  is  then  slowly  worked  down  through  the  epidermis  of  the 
leaf  and  into  its  cell  structure,  the  abdomen  being  gradually  lowered 
during  this  operation,  though  otherwise  the  insect  appears  to  be 
perfectly  quiet.  Then,  by  successive  contractions  of  the  abdomen, 
the  egg  is  pushed  back  under  the  epidermis  of  the  leaf.  The  com- 
plete operation  requires  about  a  minute  and  a  half,  after  which  the 
female  usually  moves  off  a  short  distance  and  begins  feeding. 
Occasionally  the  ovipositor  becomes  so  firmly  wedged  in  the  leaf 
as  to  hold  its  possessor  prisoner  for  some  time,  frequently  until 
death  results. 

The  eggs  may  be  readily  separated  from  the  tissue  of  the  leaf 
and  mounted  for  more  careful  study  with  the  microscope,  but  care 
must  be  taken  not  to  crush  or  distort  them  in  these  operations. 

The  eggs  are  reniform,  and  vary  in  length  from  .265  mm.  to 
.33  mm.,  and  in  width  from  .085  mm.  to  .145  mm.  The  average 
dimensions,  taken  from  about  twenty-five  eggs,  are :  length,  .288 
mm. ;  width,  .11  mm.  The  color  is  a  translucent  white.  By 
transmitted  light  they  are  seen  to  be  filled  with  a  mass  of  yolk 
globules  which  vary  considerably  in  size. 

The  hibernated  females  begin  egg  laying  very  soon  after  the 
weather  becomes  sufficiently  warm  to  start  the  grass.  Specimens 
of  these  females  show  from  one  to  eight  fully  developed  eggs  within 
the  abdominal  cavity.     They  may  live  and  continue  egg  laying  for 
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four  or  five  weeks.  The  number  of  eggs  laid  by  a  single  hiber- 
nated female  has  not  been  determined  ;  but,  from  specimens  kept 
in  confinement  in  the  fall,  an  average  of  between  fifty  and  sixty 
was  obtained,  the  highest  number  recorded  being  seventy-two. 

The  length  of  the  egg  stage  varies  much,  according  to  atmos- 
pheric conditions.  The  eggs  laid  by  the  hibernated  females  hatched 
in  from  ten  to  fifteen  days,  but  this  period  is  shortened  in  the  sum- 
mer generations  to  from  four  to  seven  days. 

Larva.     {Plate  I.,  Fig.  1.) 

As  the  young  larva  emerges  from  the  leaf,  it  works  its  way  up 
until  about  four-fifths  of  its  body  projects  above  the  surface. 

The  body  is  very  soft,  shiny  and  nearly  white.  The  eyes  are 
purplish  red  in  color,  and  the  ocelli  are  wanting  in  all  the  larval 
stages.  The  antennae  and  legs  are  folded  closely  against  the  ven- 
tral side  of  the  body,  and  their  outlines  and  segmentations  are  very 
indistinct.  The  larva  remains  supported  in  an  upright  position  by 
the  tip  of  its  abdomen  while  the  body  is  drying  and  the  legs  and 
antennae  are  being  separated  from  the  body.  After  waving  these 
in  the  air  for  a  short  time,  the  tiny  larva  falls  forward  upon  its 
feet  and  pulls  itself  entirely  free  from  the  tissue  of  the  leaf.  It  is 
able  to  travel  immediately,  and  usually  moves  a  little  way  from 
the  egg  before  stopping  for  a  short  rest,  after  which  it  begins 
feeding. 

The  length  of  the  larva  very  soon  after  its  emergence  is  about 
.3  mm.,  and  its  width  about  .1  mm.  The  body  is  cylindrical, 
tapering  posteriorly  from  the  eighth  abdominal  segment.  The 
head  is  nearly  as  wide  as  the  thorax.  The  antennse  are  compara- 
tively large,  approximate  at  their  base,  and  composed  of  seven 
segments,  of  which  the  last  four  are  closely  joined  and  appear 
almost  like  a  single  conical  segment.  The  fourth  segment  is 
larger  than  any  other,  and  is  distinctly  ringed  with  whorls  of  mi- 
nute setae,  while  the  second  and  third  are  indistinctly  ringed.  The 
basal  segment  bears  one  small  spine  on  the  inner  side,  the  second 
segment  four  short  spines  which  are  directed  forward  and  one  very 
long  spine  directed  backward  toward  the  head.  The  third  segment 
bears  five  short  spines,  and  the  terminal  part  of  the  fourth  and 
each  of  the  following  segments  a  number  of  spines  which  are  quite 
long  and  stout.  The  legs  are  stout,  the  tarsi  one-segmented  and 
terminated  by  two  claws,  and  the  bladder-like  expansion  of  the 
adult  is  present.  The  abdomen  is  composed  of  ten  segments 
which  are  much  compressed  longitudinally,  and,  except  the  tenth 
segment,  are  marked  with  six  longitudinal  rows  of  setae,  three 
pairs  to  each  segment.     The  four  dorsal  rows  also  extend  forward 
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along  the  segments  of  the  thorax  and  the  head.  The  tenth  abdom- 
inal segment  bears  six  very  long  setse,  two  dorsal,  two  lateral  and 
two  ventral. 

The  body  of  the  full-grown  larva  is  fusiform,  about  1.2  mm.  in 
length  and  about  .3  mm.  in  breadth,  while  the  width  of  the  head 
is  about  .1  mm.  The  antennae  (Plate  IV.,  fig.  27)  are  seven-seg- 
mented, somewhat  separated  at  their  base  and  rather  thick  for 
their  length.  Their  color  is  usually  darker  than  that  of  the  body, 
often  nearly  black,  and  the  segmentation  beyond  the  fourth  seg- 
ment is  more  distinct  than  in  the  immature  larva.  The  first  four 
segments  are  nearly  equal  in  thickness,  the  third  and  fourth  nearly 
equal  in  length,  and  each  is  as  long  as  the  first  and  second  seg- 
ments together.  The  last  three  segments  are  much  smaller,  the 
fifth  one  being  the  shortest.  The  spines  are  arranged  much  as  in 
the  younger  stage.  The  third  segment  is  distinctly  ringed,  and 
without  setse. 

Each  segment  of  the  body,  except  the  last  two,  bears  setse, 
which  are  short,  slightly  thickened  at  their  extremities,  and  are 
arranged  as  in  the  young  larva,  those  of  the  last  two  segments 
being  longer  and  acute.  The  integument  of  the  body  is  roughened 
by  transverse  rows  of  clearly  defined  ridges.  The  body  is  marked 
by  dorsal  and  lateral  longitudinal  stripes  of  yellow,  which  are  most 
distinct  upon  the  thorax,  the  dorsal  stripe  being  the  widest. 

Pupa.     {Plate  L,  Fig.  2.) 

The  general  form  of  the  young  pupa  resembles  that  of  the  larva. 
The  color  of  the  legs,  wing  pads  and  antennse  is  a  clear  white, 
while  the  head,  thorax  and  abdomen  are  very  light  yellow  and  the 
eyes  bright  red.  When  the  larva  first  enters  the  pupal  stage  the 
antennse  are  apparently  three  or  four  segmented,  much  shortened 
and  directed  forward  as  in  the  larva,  but  after  a  few  hours  they 
are  laid  back  upon  the  head  and  thorax.  The  wing  sheaths,  which 
are  short,  are  developed  outside  the  body.  The  legs  are  rather 
thick  and  clumsy,  and  as  the  insect  advances  in  the  pupal  stage  its 
movements  become  more  and  more  sluggish  and  uncertain.  No 
food  is  taken  in  this  stage. 

Upon  the  dorsal  side  of  the  ninth  abdominal  segment,  near  its 
posterior  margin,  are  four  prominent,  stout,  recurved,  hook -like 
processes,  while  the  abdominal  setse  are  slender  and  acute.  In 
the  fully  developed  pupa,  before  the  final  molt,  the  form  of  the 
body  more  closely  resembles  that  of  the  imago.  The  wing  sheaths 
extend  backward  along  the  sides  of  the  abdomen  to  about  the  sixth 
or  seventh  segment,  and  the  fore  pair  bear  a  few  small  spines.  The 
pupal  skin  is  partially  separated  from  the  enclosed  insect. 
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The  mature  larvae  select  secluded  spots  in  ■which  to  pass  the 
pupal  stage.  A  few  may  be  found  transforming  within  the  sheaths 
of  the  upper  leaves,  but  the  majority  go  down  the  stem  to  the  old 
leaves  and  sheaths  at  the  base  of  the  stem  near  the  surface  of  the 
ground.  The  duration  of  the  pupal  stage  varies  not  only  in 
the  two  forms  of  the  adult  but  also  at  different  seasons.  In 
the  first  generation  in  the  spring  it  requires  from  two  to  three 
days  for  the  larvae  to  transform  to  the  wingless  adult  form,  and 
from  four  to  five  days  to  the  winged  .adult,  but  as  the  weather 
becomes  warmer  they  transform  more  rapidly. 

Imago.  {Plate  J.,  Figs.  8  and  4.) 
There  are  two  forms  of  the  adult  females,  one  of  which  possesses 
wings,  while  the  other  has  merely  the  rudiments  in  the  form  of 
short  pads.  The  description  of  the  winged  form  is  as  follows  : 
The  length  varies  from  1  to  1.6  mm.,  the  average  being  about 
1.32  mm.  and  the  width  of  the  thorax  is  about  .28  mm.  The 
color  is  light  yellow,  with  brownish  or  blackish  markings. 

The  head,  which  is  rounded  in  front,  is  marked  with  transverse 
striae  and  a  dusky  border  posteriorly  (Plate  IV.,  fig.  25).  The 
antennae  (Plate  IV.,  fig.  28),  composed  of  eight  segments,  are 
approximate,  whitish  at  the  base,  gradually  becoming  more  dusky 
toward  the  apex,  where  they  are  nearly  black.  The  sixth  segment 
has  an  oblique  suture  toward  the  terminal  end,  which  gives  the 
antenna  the  appearance  of  consisting  of  nine  segments.  Segments 
three  to  six  are  distinctly  ringed  with  whorls  of  small  setae,  each 
segment  bearing  a  number  of  stout  spines,  which  are  most  numer- 
ous on  the  last  three.  Some  of  these  spines  are  thick  and  blunt, 
rounded  at  the  ends  and  slightly  tapering.  Unlike  the  other  hairs, 
they  are  not  brownish,  but  are  thin-walled  and  transparent.  They 
vai'y  considerably  in  size  and  position,  the  longest  one  being  found 
upon  the  inside  of  the  sixth  segment.  Upon  the  dorsal  side  of 
the  third  segment  and  the  ventral  side  of  the  fourth,  two  of 
these  spines  appear  to  have  united,  forming  a  delicate  crescent- 
shaped  appendage,  which  is  attached  by  a  short  trunk  to  a  clear, 
membranous  depression  near  the  end  of  these  segments.  The 
function  of  these  structures  is  not  known,  but,  as  they  are  found 
only  upon  the  antennae,  they  are  doubtless  organs  of  sense,  and 
may  be  called  sense  cones. 

The  eyes  are  large,  and  of  a  dark-red  color.  Three  orange-red 
ocelli  are  present,  arranged  in  the  form  of  a  triangle  with  the  ver- 
tex in  front,  placed  near  together  and  well  up  on  the  vertex  of  the 
head  between  the  eyes.  The  thorax  is  of  a  darker  yellow  color 
than  the  rest  of  the  body,  and  is  marked  with  elongated  dusky 
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patches  forming  a  broken  subdorsal  stripe  on  each  side,  the  for- 
ward end  of  which  curves  outward.  The  wings  (Plate  II.,  figs.  7 
and  8)  are  slender,  somewhat  sword-shaped  in  form,  unmarked, 
and  each  wing  is  provided  with  a  scale,  which  is  connected  by  a 
membrane  to  the  posterior  side  of  the  base  of  the  wing.  The  fore 
wing  has  two  longitudinal  veins,  and  slight  traces  of  one  or  two 
cross  veins  may  sometimes  be  seen.  There  is  a  row  of  small 
spines  upon  the  anterior  margin  and  along  each  longitudinal  vein. 
The  hind  wing  has  a  single  median  vein,  upon  which,  near  the 
base,  is  a  pair  of  rather  slender  spines  directed  backward  toward 
the  body.  Near  the  base  of  the  costal  margin  is  a  row  of  four  or 
five  short  spines,  hooked  at  their  tips,  which  in  flight  engage  a 
membranous  fold  on  the  under  side  of  the  scale  of  the  fore  wing 
(Plate  II.,  fig.  9),  and  the  surface  of  both  wings  is  covered  with 
minute  setse.  Long  fringes  occur  on  both  margins  of  the  wings, 
except  on  the  basal  fourth,  that  on  the  hind  margin  of  the  hind 
wings  being  composed  of  a  single  row  of  spiral  hairs,  while  that 
on  the  hind  margin  of  the  fore  wings  consists  of  a  double  row  of 
spiral  hairs. 

The  legs  (Plate  III.,  figs.  23  and  24)  are  concolorous  with  the 
body,  and  are  sparsely  set  with  fine  hairs,  in  addition  to  which 
there  is  a  row  of  five  or  six  stout  spines  upon  the  under  side  of 
the  hind  tibiae.  The  tarsi  (Plate  III.,  figs.  16  and  17)  are  com- 
posed of  two  segments,  the  division  between  them  being  very 
oblique.  The  second  segment  is  terminated  by  the  remarkable 
bladder-like  structure  which  has  suggested  the  name  Physopoda 
for  this  order.  The  bladder  cannot  always  be  seen,  as  it  is  re- 
tracted when  the  foot  is  raised  in  walking  and  distended  when  the 
foot  is  put  down  again. 

The  abdomen  consists  of  ten  segments,  of  which  the  first  seven 
are  dusky  on  the  dorsum,  except  at  the  sides,  and  segment  eight 
has  a  dusky  spot  in  the  centre  of  the  dorsum.  The  apex  of  the 
abdomen  is  slightly  dusky,  and  surrounded  with  black  spines. 
The  hairs  are  scattering  and  fine  except  on  the  last  two  segments, 
the  next  to  the  last  segment  bearing  four  short,  stout  spines  near 
the  posterior  edge  of  its  dorsal  surface. 

The  wingless  female  (Plate  I.,  fig.  3)  is  slightly  longer  than  the 
winged  form,  varying  in  length  from  1.1  mm.  to  1.65  mm.,  the 
average  being  about  1.47  mm.  The  description  of  the  winged 
form  applies  to  this,  except  that  the  general  color  of  the  body  is 
more  yellowish,  the  dusky  markings  upon  thorax  and  abdomen  are 
less  distinct  or  wanting,  and  the  dusky  posterior  border  on  the 
head  is  darker  and  more  prominent.  The  abdomen  is  slightly 
more  elongated,  which  may  be  due  to  its  distension  by  eggs  rather 
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than  to  difference  in  structure.  Tiie  wing  pads  are  folded  back 
upon  the  thorax,  in  which  position  the  fore  pads  completely  cover 
the  hind  ones.  The  fore  pads  (Plate  II.,  fig.  12)  extend  nearly 
to  the  posterior  edge  of  the  thorax,  and  are  marked  by  longitudinal 
rows  of  short,  stout  spines,  which  vary  in  number.  These  spines 
are  wanting  on  the  hind  pads  (Plate  II.,  fig.  13),  but  both  pairs 
are  covered  with  minute  setae. 

About  98  per  cent,  of  the  adults  which  pass  the  winter  are  of 
the  wingless  form,  while  from  90  to  95  per  cent,  of  the  first  gener- 
ation in  the  spring  develop  wings  ;  and  the  wingless  form  is  far 
outnumbered  by  the  winged  until  late  summer,  when  the  propor- 
tion declines,  and  in  October  only  a  small  number,  about  the  per- 
centage that  hibernates,  of  winged  adults  can  be  found.  The 
females  continue  to  deposit  their  eggs,  and  the  young  larvae  de- 
velop and  may  be  taken  from  the  grass  upon  warm  fall  days  until 
snow  covers  the  ground ;  but  only  the  adults  survive  the  winter. 
I  have  seen  specimens  revive  after  having  been  exposed  to  a 
temperature  of  21°  below  zero.  At  frequent  intervals  during 
the  winter  I  brought  in  grass  from  the  field  taken  from  beneath 
snow,  or  entirely  exposed,  and  in  no  case  did  I  fail  to  find  females 
which  became  lively  upon  being  kept  a  short  time  in  a  warm  room. 
Accidentally  I  found  that  these  hibernating  females  could  survive 
for  several  days  though  submerged  in  a  weak  solution  of  potassium 
hydrate,  and  they  have  even  revived  after  being  frozen  solid  in  a 
two  per  cent,  solution  of  potassium  hydrate  ;  but,  so  far  as  my 
experiments  went,  freezing  in  pure  water  killed  them.  The  hiber- 
nated females  become  active  in  the  spring  as  soon  as  the  weather 
is  suflSciently  warm  to  start  the  grass,  and  continue  to  deposit  eggs 
for  from  four  to  six  weeks.  The  appearance  of  a  number  of 
winged  adults  early  in  May  marks  the  maturity  of  the  first  gener- 
ation ;  but,  as  the  hibernated  females  are  still  active,  there  can  be 
no  distinct  line  between  the  generations  out  of  doors  after  this 
time.  Laboratory  experiments  show  that  there  may  be  eight  or 
nine  generations  in  a  season.  The  length  of  the  life  cycle  varies 
from  thirty  days  for  the  first  generation  to  twelve  days  during  the 
heat  of  summer. 

I  have  sought  in  vain  for  the  males  of  this  species,  for,  although 
I  have  mounted  over  a  thousand  specimens,  have  bred  many  more 
in  bottles  in  the  laboratory,  and  have  taken  and  examined  large 
numbers  of  them  in  the  field,  I  have  never  seen  any  that  I  even 
suspected  were  males.  A  series  of  experiments,  begun  in  the 
laboratory  July  22,  1898,  and  continued  into  December,  proved 
that  no  males  are  developed  in  the  fall  generations.     Experiments 
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were  began  this  season  (1899)  by  confining  hibernating  females 
in  bottles  before  the  weather  became  warm  enough  for  them  to 
move  out  of  doors.  These  became  active  and  deposited  eggs, 
from  which  succeeding  generations  have  been  bred  without  the 
appearance  of  any  males.  I  conclude,  therefore,  that  this  species 
is  parthenogenetic,  and  reproduces  without  the  intervention  of  any 
males,  at  least  for  a  series  of  generations,  in  this  locality.  The 
eggs  may  be  seen  in  the  abdomen  before  being  laid,  and  I  have 
found  as  many  as  eight  fully  developed  in  a  single  female. 

Feeding  Habits. 

The  adults  of  this  species  feed  entirely  upon  the  leaves  and  ex- 
ternal parts  of  the  grass.  They  are  very  seldom  found  within  the 
sheath  of  a  leaf,  but  frequently  congregate  in  numbers  within  the 
terminal  leaf  before  it  has  fully  unrolled.  They  select  the  fresh, 
tender  parts  of  the  grass,  and  consequently  their  work  is  most 
apparent  upon  the  upper  leaves.  The  mouth  parts  (Plate  III., 
figs.  19,  20,  21  and  22)  are  formed  entirely  for  sucking.  The 
bristle-shaped  mandible  and  the  similarly  formed  lobes  of  the 
maxillae  are  used  to  pierce  the  epidermis  of  the  leaf  and  the  wall 
of  a  cell  below.  As  soon  as  the  juices  contained  in  this  cell  have 
been  extracted,  the  piercing  mouth  parts  are  withdrawn  and  another 
cell  is  punctured,  the  empty  cells  presenting  a  shrunken,  whitish 
appearance.  The  insects  usually  feed  lengthwise  of  the  leaves, 
their  path  being  marked  by  whitish  streaks  in  the  tissue  of  the  leaf 
and  by  dots  of  dark  excrementitious  matter. 

The  larvae  seek  a  more  protected  place  in  which  to  feed,  and 
may  be  found  in  large  numbers  within  nearly  every  sheath  of  June 
grass  (Poa  pratensis)  during  the  latter  part  of  May  and  through 
June.  A  favorite  haunt  is  in  the  head,  just  as  it  is  making  its 
appearance.  The  minute  larvse  work  their  way  down  inside  the 
sheath,  and  some  of  them,  reaching  a  node  where  they  must  stop, 
continue  to  feed  upon  the  juices  from  the  very  tender  stem  within 
until  shortly  before  they  enter  the  pupal  stage.  The  larvse  may 
be  found  within  any  sheath  ;  but  it  is  almost  always  those  that 
enter  the  top  sheath  which  cause  the  "  silver-top,"  as  these  directly 
cut  off  the  supply  of  sap  to  the  head.  Examination  of  affected 
stems  shows  that  at  a  point  just  above  the  upper  node  the  stem 
has  been  sucked  dry  for  about  half  an  inch  of  its  length  (Plate  I., 
fig.  6). 

While  I  cannot  state  positively  that  this  species  is  ever  carniv- 
orous, my  observations  have  led  me  to  suspect  that  such  may  some- 
times be  the  case,  though  normally  it  is  certainly  herbivorous.     I 
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have  seen  specimens  of  this  or  some  other  species  so  closely  allied 
to  it  as  to  be  indistinguishable  to  the  naked  eye,  when  confined  in 
bottles,  carrying  around  the  victims  which  they  had  impaled  upon 
their  piercing  mouth  parts,  apparently  being  engaged  in  sucking 
the  juices  from  the  bodies. 

Food  Plants. 

This  minute  pest  attacks  a  number  of  species  of  grass  ;  but  by 
far  the  greatest  damage  is  done  to  June  grass  {Poa  pratensis} 
(Plate  I.,  figs.  5  and  6),  few  fields  of  this  escaping  more  or  less 
serious  injury.  After  the  first  of  July,  by  which  time  June  grass 
has  usually  matured,  the  insect  changes  to  some  later  species,  as 
timothy  {Phleum  pratense),  when  this  is  present.  They  may  be 
found  in  abundance  upon  barn-yard  grass  {Panicum  crus-galli) 
from  midsummer  till  late  in  the  fall.  About  the  middle  of  July, 
1898,  I  found  them  quite  common  upon  a  field  of  young  corn 
which  was  nearly  surrounded  by  grass  land,  but  later  in  the  season 
they  could  not  be  found  upon  corn.  Many  other  grasses  show 
unmistakable  traces  of  the  work  of  thrips  by  their  whitened  heads, 
and  a  list  of  these,  with  the  percentage  of  "  silver-top,"  estimated 
on  June  29,  1898,  is  given  below  ;  but  I  cannot  positively  connect 
this  species  with  all  the  injury. 

The  percentages  given  were  obtained  by  counting  the  injured 
and  uninjured  heads  upon  a  small  area  on  which  the  damage  ap- 
peared to  be  of  average  severity.  Slight  traces  of  "  silver  top  " 
are  indicated  by  a  dash  in  the  column  of  percentage. 


Per  Cent. 

Per  Cent 

Poa  serotina. 

.     30 

Festuca  elatior,     . 

- 

Poa  nemoralis, 

.     80 

Festtica  ovina. 

95 

Poa  compressa, 

.     40 

Festuca  duriuscola, 

95 

Poa  arachnifera,  . 

.     20 

Festuca  tenuifolia, 

40 

Poa  Fletcheri, 

.     10 

Festuca  rubra. 

20 

Poa  aquatica. 

.     35 

Panicum  crus-galli. 

- 

Poa  x>ralensis. 

.     75 

Panicum  sanguinale,    , 

- 

Poa  trivialis. 

.     10 

Phleum  x>ratense, . 

- 

Poa  ccesia,     . 

.     10 

Ehjmus  striatus,  . 

- 

AgrosHs  alba. 

.     30 

Elymus  virginicus, 

- 

Agroslis  canina,    . 

.     20 

Bromus  erectus,    . 

- 

Agrostis  stolonifera, 

.     25 

Bromus  inermis,  . 

- 

Agroslis  vulgaris, 

.     25 

Avena  flavescens-vera, 

- 

Festuca  Olcoll, 

.     20 

Agropyrum  canimcm,  . 

- 

Fesluca  heterophylla. 

.     35 

Arrhenatherum  avenaceum 

- 

Festuca  pratensis, 

.      - 

Lolium  perenne,  . 

- 
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Remedies. 

A  knowledge  of  the  life  history  of  this  insect  suggests  to  us  a 
few  ways  in  which  it  may  be  most  easily  combated  and  its  damage 
lessened.  As  the  females  hibernate  above  ground,  burning  in 
early  spring  must  destroy  large  numbers  of  them.  To  be  effective, 
the  burning  must  be  close  and  thorough,  and  the  burned  space 
either  quite  large  or  isolated  from  other  infested  fields.  This 
must  be  done  before  the  grass  starts,  which  is  usually  about  the 
first  of  April,  because  the  females  hibernate  very  close  to  the  base 
of  the  stems,  and  a  close  burn  after  the  green  blades  appear  can- 
not be  obtained. 

The  damage  appears  to  be  most  severe  on  worn-out  meadows, 
fields  and  lawns.  This  suggests  stimulating  the  plants,  to  give 
them  additional  vigor,  and  harvesting  as  early  as  possible.  The 
June  grass  should  either  be  cut  as  soon  as  the  heads  begin  to  turn 
white,  or  fed  green. 

So  far  as  I  can  learn,  the  seed  of  this  grass  is  sold  only  in  lawn 
mixtures,  and  is  not  used  for  field  seeding.  The  June  grass  comes 
in  gradually,  as  the  stouter-growing  species  usually  sown  run  out. 
Attacks  are  most  severe  on  fields  that  have  been  seeded  for  several 
years  and  have  become  partially  exhausted.  This  suggests  plough- 
ing deeply,  and  planting  for  at  least  one  year  with  some  cultivated 
crop  before  reseeding. 

Literature. 

Limothrips  poaphagus  Comst.,  Syllabus  of  a  Course  of  Lectures  (men- 
tion of  the  larva  only)  (1875). 

Limothrips  poaphagus  Lint.,  Rep't  N.  Y.  Agr'l  See.  (larva  only)  (1881- 
82). 

Thrips  striata  Osb.,  Can.  Ent.,  Vol.  XV.,  page  155  (1883). 

Limothrips  poaphagus  Fern.,  Grasses  of  Maine,  page  42  (1885). 

N.  E.  Farmer,  June  19  (1886). 

Lint.,  3d  Rep't  Ins.  N.  Y.,  pages  96-98  (1887). 

Limothrips  poaphagus  Comst.,  Tntrod.  to  Ent.,  page  127  (1888). 

Thrips  striatus  Pack.,  Ent.  for  Beginners,  page  73  (1888). 

Fletcher,  Ent.  Am,,  IV.,  page  152  (\i 

Howard,  Ent.  Am  ,  IV.,  page  152  {\i 


Limothrijis poaphagus  Osb.,  Ins.  Life,  I.,  page  140  (1888). 
Thrips  striatus  Pack.,  Stand  Nat.  Hist.,  2d  Ed.,  II.,  Append.  (IJ 

Fletcher,  19th  Rep't  Ent.  See.  Ont,  page  11  (1888). 

Fletcher,  Ann.  Rep't  Exp't  Farms,  pages  59-62  (1888). 

Limothrips  poaphagus  Lint.,  Rep't  N.  Y.  Agr'l  Soc.  (1888). 
Phlceothrips  poaphagus  Fletcher,  20th  Rep't  Eat.  Soc.  Ont.,  pages  2,  22 

(1889). 
Brodie,  20th  Rep't  Ent.  Soc.  Ont.,  page  8  (1889). 
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Limothrips  poaphagus  Lint.,  5th  Rep't  N.  Y.  State  Ent.,  pages  153,  304 

(1889). 

Osb.,  Can.  Ent.,  Vol.  XXIIL,  pages  93, 96  (1891). 

Fletcher,  Ins.  Life,  Vol.  V.,  page  124  (1892). 

Forbes,  Ins.  Life,  Vol.  V.,  page  127  (1892). 

Fletcher,  Ann.  Rep't  Exp't  Sta.  Farms,  page  3  (1892). 

Limothrijys  poaphagus  Comst.,  Man.  for  Study  of  Ins.,  page  120  (1895). 
Limolhrips  poaphagus  Uzel,  Monographic  der  Ord.  Thysanoptera,  pages 

279,435,446,448  (1895). 
Hopkins-Rumsey,  Bull.  No.  44,  W.  Va.  Agr'l  Exp't  Sta.,  pages 

270,  271  (1896). 

explanatiok  of  the  lettering  of  figures  in  the  following 

Plates. 
All  figures  in  these  plates  are  drawn  from  Anaphothrips  striata  (Osb.) 
except  figs.  5  and  6,  which  show  its  work. 

AF.  Anterior  fringe  of  long  straight  hairs. 

Ant.  Antenna. 

BA.  Basal  segment  of  antenna. 

BE.  Basal  enlargement  of  the  mandible. 

Bl.  Bladder  terminating  the  tarsus. 

Bs.  Base  of  stem  of  Poa  pratensis,  taken  from  just  above 
the  upper  node, 

C.  Coxa. 

CE.  Compound  eye, 

CL.  Chitinous  lever. 

CM.  Connective  membi'ane. 

CP.  Chitinoiis  plate. 

CR.  Chitinous  rod,  internal. 

EG.  Egg  groove. 

Fa.  Facets  of  compound  eye. 

Fe.  Femur. 

FL.  Fore  leg. 

FV.  Fore  vein. 

FWp.  Fore  wing  pad. 

H,  Head. 

HL.  Hind  leg. 

HV.  Hind  vein. 

HWp.  Hind  wing  pad. 

L.  Ligule. 

LP.  Labial  palpi. 

LM.  Lobe  of  the  maxilla. 

LV.  Left  lower  valve  of  the  ovij^ositor. 

MF.  Membranous  fold  near  the  posterior  edge  of  the  scale 
of  the  fore  wing. 

ML.  Middle  leg. 

MP.  Maxillary  palpus. 

MS.  Membranous  space  to  which  the  labial  palpi  are  at- 
tached. 
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Ms.  Mesonotnm. 

Mt.  Metanotum. 

O.  Ocelli. 

Op.  Opening  in  which  a  muscle  is  attached  to  the  base  of 

the  mandible. 

OS.  Oblique  suture  near  the  end  of  the  sixth  segment. 

PF.  Posterior  fringe,  composed  of  long,  spiral  hairs. 

Pt.  Pro  thorax. 

R.  Reticulate  markings,  which  are  most  prominent  upon 

the  posterior  part  of  the  dorsal  surface  of  the  head. 

RV.  Right  lower  valve  of  the  ovipositor. 

S.  Stigma. 

SC.  Thick,  clear  sense  cones. 

Sc.  Scale  of  wing. 

Sp.  Spines  upon  the  veins  of  the  fore  wing. 

St.  Style  of  the  antenna. 

Su.  Suture  between  the  first  and  second  tarsal  segments. 

Ta.  Tarsus. 

TE.  Thickened  edge  of  the  ninth  abdominal  segment. 

Th.  Teeth  upon  the  ovipositor. 

Ti.  Tibia. 

Tr.  Trochanter. 

UV.  Tip  of  right  upper  valve  of  the  ovipositor. 

WE.  Wings  extended  in  position  for  flight. 

WF.  Wings  folded  at  rest. 

WS.  Wing  sheath. 

7.  Seventh  abdominal  segment. 

8.  Eighth  abdominal  segment. 

9.  Ninth  abdominal  segment. 

10.  Tenth  abdominal  seg;ment. 
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Explanation  of  Plate  I. 


Fig.  1.  Full-grown  larva.        ^. 

Fig.  2.  Pupa.        ^. 

Fig.  3.  Wingless  adult  female.        ^. 

Fig.  4.  Winged  adult  female.        ^. 

Fig.  5.  Head  of  Poa  praiensis  normally  developed.         i. 

Fig.  G.  Head  of  Poa  x>ratensis  arrested  in  its  growth  by  the  attack  of  Anaphothrips 

striata  (Osb),  also  showing  the  shrivelled  condition  of  the  stem  just 

above  the  upper  node.         \. 
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Plate  I. 
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Explanation  of  Plate  II. 


Fig.    7.  Right  fore  wing.        ~. 

Fig.    8.  Right  hind  wing.        ^. 

Fig.    9.  Bases  of  wings  as  joined  together  during  flight.        if^. 

Fig.  10.  Stigma  from  the  second  abdominal  segment  of  the  larva.        i|i. 

Fig.  11.  Stigma  from  the  first  abdominal  segment  of  the  adult.        ^f^. 

Fig.  12.  Fore  winged  pad  of  wingless  female.         ^12.. 

Fig.  13.  Hind  wing  pad  of  wingless  female.        ^|^. 

Fig.  14.  Scale  of  fore  wing,  detached.        ^i^. 

Fio*.  15.  Base  of  hind  wins^.        ^^K 
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}y^^a!^^^^^- 


Plate  II. 
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Explanation  of  Plate  III. 


Fig.  16.  Under  side  of  the  tarsus  and  end  of  the  tibia  of  the  middle  leg. 

Fig.  17.  Side  of  tarsus  and  end  of  tibia  of  the  middle  leg.        ^p. 

Fig.  18.  Ovipositor.        s.is-. 

Fig.  19.  Labrum.        ^fa 

Fig.  20.  Labium.        ^^. 

Fig.  21.  Right  maxilla,  external  view.        ^^^. 

Fig.  22.  Unpaired  mandible.        ^f^. 

Fig.  23.  Right  hind  leg.        21 2. 

Fig.  24.  Right  fore  leg.        ^p. 
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Plate  III. 
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Explanation  of  Plate  IV. 


Fig.  25.  Dorsal  view  of  head.        if 4. 

Fig.  26.  Left  antenna,  drawn  from  the  t3'pe   specimen   of  Anapholhrips 

striata  (Osb.).         ^|^. 
Fig.  27.  I>eft  antenna  of  full-grown  larva.        ^.M. 
Fig.  28.  Right  antenna  of  adult  female.         ^\^. 
Fig.  29.  Egg.        if^. 

Fig.  30.  Dorsal  view  of  abdominal  segments,  7  to  10.        lA^. 
Fig.  31.  Ventral  view  of  abdominal  segments,  7  to  10.        if^. 
Fig.  32.  Side  view  of  abdominal  segments,  7  to  10,  ovipositor  hanging 

down.        if^. 
Fig.  33.  Inside  of  left  lower  valve  of  the  ovipositor.         ip. 
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Plate  IV. 


TWELFTH   ANNUAL    REPORT 


Hatch  Experiment  Station 


Massachusetts  Agricultural  College. 


January,    1900 


HATCH  EXPERIMENT  STATION 

OF   THE 

MASSACHUSETTS  AGEICULTURAL   COLLEGE, 

AMHERST,  MASS. 


By  act  of  the  General  Court,  the  Hatch  Experiment 
Station  and  the  State  Experiment  Station  have  been  con- 
solidated under  the  name  of  the  Hatch  Experiment  Station 
of  the  Massachusetts  Agricultural  College.  Several  new 
divisions  have  been  created  and  the  scope  of  others  has 
been  enlarged.  To  the  horticultural  has  been  added  the 
duty  of  testing  varieties  of  vegetables  and  seeds.  The 
chemical  has  been  divided,  and  a  new  division,  '<  Foods  and 
Feeding,"  has  been  established.  The  botanical,  including 
plant  physiology  and  disease,  has  been  restored  after  tem- 
porary suspension. 

The  officers  are  :  — 


Henry  H.  Goodell,  LL.D., 

William  P.  Brooks,  Ph.D., 

George  E.  Stone,  Ph.D., 

Charles  A.  Goessmann,  Ph.D.,  LL.D., 

Joseph  B.  Lindset,  Ph.D., 

Charles  H.  Fernald,  Ph.D., 

Henry  T.  Fernald,  Ph.D., 

Samuel  T.  Maynard,  B.Sc, 

j.  e.  ostrander,  c.e., 

Henry  M.  Thomson,  B.Sc, 

Ralph  E.  Smith,  B.Sc, 

Henri  D.  Haskins,  B.Sc, 

Charles  I.  Goessmann,  B.Sc, 

Samuel  W.  Wiley,  B.Sc, 

Edward  B.  Holland,  M.Sc, 

Fred  W.  Mossman,  B.Sc, 

Benjamin  K.  Jones,  B.Sc, 

Philip  H.  Smith,  B.Sc, 

George  A.  Drew,  B.Sc, 

Herbert  D.  Hemenway,  B.Sc, 

Arthur  C.  Monahan, 


Director. 

Agriculturist. 

Botanist. 

Chemist  (fertilizers) . 

Chemist  (foods  and  feeding) . 

Entomologist. 

Associate  Entomologist. 

Horticulturist. 

Meteorologist. 

Assistant  Agriculturist. 

Assistaiit  Botanist. 

Assistant  Chemist  (fertilizers). 

Assistant  Chemist  (fertilizers). 

Assistant  Chemist  (fertilizers). 

First  Chemist  (foods  and  feeding). 

Assistant  Chemist  (foods  and  feeding) . 

Assistant  Chemist  (foods  and  feeding) . 

Assistant  in  Foods  and  Feeding. 

Assistant  Horticulturist. 

Assistant  Horticulturist. 

Obse?'ver. 
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The  co-operation  and  assistance  of  farmers,  fruit  growers, 
horticulturists  and  all  interested,  directly  or  indirectly,  in 
agriculture,  are  earnestly  requested.  Communications  may 
be  addressed  to  the  "  Hatch  Experiment  Station,  Amherst, 
Mass." 

The  following  bulletins  are  still  in  stock  and  can  be  fur- 
nished on  demand  :  — 

No.  27.     Tuberculosis  in  college  herd;   tuberculin  in  diagnosis; 

bovine  rabies  ;  poisoning  by  nitrate  of  soda. 
No.  33.     Glossary  of  fodder  terms. 
No.  35.     Agricultural  value  of  bone  meal. 
No.  37.     Report  on  fruits,  insecticides  and  fungicides. 
No.  41.     On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 
No.  43.     Effects  of  electricity  on  germination  of  seeds. 
No.  45.     Commercial   fertilizers ;    fertilizer   analyses ;    fertilizer 

laws. 
No.  46.     Habits,  food  and  economic  value  of  the  American  toad. 
No,  47.     Field  experiments  with  tobacco. 
No.  48.     Fertilizer  analyses. 
No.  49.     Fertilizer  analyses. 

No.  52.     Variety  tests  of  fruits  ;   spraying  calendar. 
No.  54.     Fertilizer  analyses. 
No.  55.     Nematode  worms. 
No.  57.     Fertilizer  analyses. 
No.  58.     Manurial  requirements  of  crops. 
No.  59.     Fertilizer  analyses. 

No.  60.     Insecticides  ;  fungicides  ;  spraying  calendar. 
No.  61.     The  asparagus  rust  in  Massachusetts. 
No.  63.     Fertilizer  analyses. 
Special  bulletin,  —  The  brown-tail  moth. 
Special  bulletin, — The  coccid  genera  Chionaspis  and  Hemichion- 

aspis. 
Index,  1888-95. 

Of  the  other  bulletins,  a  few  copies  remain,  which  can  be 
supplied  only  to  complete  sets  for  libraries. 

The  usual  variety  of  problems  have  presented  themselves 
for  solution.  In  the  agricultural  division  some  interesting 
data  have  been  collected  on  the  use  of  sulfate  and  muriate 
of  potash  as  fertilizers.  With  the  sugar  beet  the  larger 
yield  was  secured  from  the  muriate,  but  the  percentage  of 
sugar  was  greater  and  the  juice  was  of  a  higher  degree  of 
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purity,  presenting  less  difficulties  in  manufacture,  from  the 
sulfate.  In  sweet  and  field  corn  there  was  no  perceptible 
difierence  in  product,  quality  or  food  value,  but  with  cab- 
bages the  yield  was  much  greater  from  the  use  of  the  sulfate. 
In  the  tests  of  potatoes  the  Beauty  of  Hebron  and  Early 
Rose  still  rank  in  94  varieties  among  the  most  productive 
sorts,  either  for  early  or  late  harvests.  In  feeding  poultry 
a  narrow  v.  a  wide  ration  for  egg-production,  the  results 
seemed  to  be  largely  in  favor  of  the  wide  ration,  richer  in 
corn  meal  and  corn,  in  the  following  particulars  :  {a)  lower 
cost  of  feed,  (6)  a  gain  of  23  to  91  per  cent,  more  eggs, 
(c)  a  lower  cost  per  egg,  (d)  a  greater  increase  in  weight 
and  (e)  a  much  earlier  moult. 

In  the  meteorological  division,  besides  the  usual  observa- 
tion of  weather  phenomena,  the  means  of  the  various  weather 
elements  for  the  last  ten  years  have  been  tabulated,  and 
normal  conditions  for  the  period  deduced.  Observations 
relating  to  soil  temperature  and  moisture  by  electrical 
methods  have  been  continued,  and  results  from  the  corn- 
growing  season  of  the  current  year  have  been  worked  out 
to  serve  as  basis  for  comparison  in  succeeding  years. 

In  the  horticultural  division,  experiments  have  been  carried 
on  in  the  use  of  hydrocyanic  acid  gas  under  glass  as  an  in- 
secticide, but  definite  results  have  not  yet  been  secured. 

In  the  entomological  division,  the  card  catalogue  to  the 
literature  of  North  American  insects  now  numbers  over 
forty  thousand.  The  inspection  of  nurseries  for  the  San 
Jose  scale  and  the  granting  of  authorized  certificates  has 
been  added  to  the  work  of  the  division ;  bulletins  on  the 
coccid  genera  Chionaspis  and  Hemichionaspis  and  the  grass 
thrips  have  been  issued,  and  one  on  the  clover-head  beetle 
and  a  monograph  of  the  Pyralidse  are  ready  for  publication. 
The  composition  of  Eaupenleim,  formerly  imported  at  a 
high  price,  has  been  determined,  and  it  can  now  be  made  at 
a  trifling  cost. 

In  the  botanical  division,  interesting  observations  have 
been  made  on  the  distribution  of  the  asparagus  rust  in 
Massachusetts  and  the  relation  existinoj  between  its  out- 
breaks  and  the  rainfall,  together  with  the  physical  proper- 
ties of  the  soil.     There  is  a  marked  susceptibility  of  plants 
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to  this  disease  when  grown  in  soil  possessing  little  water- 
retaining  properties,  and  a  strong  relation  appears  to  exist 
between  dry  seasons  and  the  occurrence  of  the  summer  or 
injurious  stage  of  the  rust. 

The  chemical  division  (foods  and  feeding)  has  analyzed 
during  the  year  2,045  substances,  besides  carrying  on  for 
the  Association  of  Official  Agricultural  Chemists  investiga- 
tions relative  to  the  best  methods  for  the  determination  of 
starch,  pentosans  and  galactan  in  agricultural  products. 

The  chemical  division  (fertilizers)  has  issued  67  licenses 
to  manufacturers,  importers  and  dealers  in  commercial  fer- 
tilizers and  agricultural  chemicals,  38  of  whom  had  offices 
of  general  distribution  in  Massachusetts ;  384  samples  of 
fertilizers  were  collected  in  the  open  markets  by  experienced 
assistants  of  the  station,  and  362  were  analyzed  and  the  re- 
sults published  in  bulletins. 

Reports  from  the  different  divisions,  giving  in  detail  the 
work  of  the  year,  accompany  this  brief  summary. 


1900.] 


PUBLIC   DOCUMENT  — No.  31. 


113 


AlsTNUAL  EEPORT 

Of  George  F.  Mills,  Treasurer  of  the  Hatch  Experiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Year  ending  June  30, 1899. 


Cash  received  from  United  States  treasurer, 

. 

$15,000  00 

Cash  paid  for  salaries, 

$4,216  31 

for  labor, 

5,167  16 

for  publications,     .... 

1,090  45 

for  postage  and  stationery,  . 

242  31 

for  freight  and  express, 

122  39 

for  heat,  light  and  water, 

164  77 

for  chemical  supplies,  . 

3  45 

for  seeds,  plants  and  sundry  supplies. 

484  58 

for  fertilizers,        .... 

1,076  40 

for  feeding  stuffs,  .... 

208  55 

for  library, 

411  65 

for  tools,  implements  and  machinery. 

718  80 

for  furniture  and  fixtures,     . 

61  45 

for  scientific  apparatus. 

201  90 

for  live  stock,         .... 

95  00 

for  traveling  expenses, 

105  21 

for  contingent  expenses, 

139  25 

for  building  and  repairs. 

490  37 

fl5,000  00 

Cash  received  from  State  treasurer. 

111,200  00 

from  fertilizer  fees. 

3,585  00 

from  farm  products, 

1,641  78 

from  miscellaneous  sources,  . 

1,906  71 

$18,333  49 

Cash  paid  for  salaries, 

$8,127  13  • 

for  labor, 

.   4,275  48 

for  publications,     .... 

.      204  00 

for  postage  and  stationery,    . 

211  49 

for  freight  and  express. 

.       162  01 

for  heat,  light  and  water. 

.      583  59 

Amount  carried  forward, 


$13,563  70 
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Amount  brought  forward. 

Cash  paid  for  chemical  supplies,  . 

for  seeds,  plants  and  sundry  supplies, 
for  fertilizers,        .... 

for  feeding  stuffs,  .... 

for  library,     .         .         .         ... 

for  tools,  implements  and  machinery, 

for  furniture  and  fixtures, 

for  scientific  apparatus, 

for  live  stock,         .         . 

for  traveling  expenses, 

for  contingent  expenses, 

for  building  and  repairs. 


$13,563  70 

842 

90 

.   752 

76 

.   302 

21 

.   443 

36 

33 

97 

82  75 

.   227 

68 

.   108 

27 

87 

22 

.   272 

70 

.   180 

00 

.  1,485 

97 

118,333  49 


I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby  certify 
that  I  have  examined  the  books  and  accounts  of  the  Hatch  Experiment  Station  of 
the  Massachusetts  Agricultural  College  for  the  fiscal  year  ending  June  30,  1899; 
that  I  have  found  the  books  well  kept  and  the  accounts  correctly  classified  as  above ; 
and  that  the  receipts  for  the  year  are  shown  to  be  $33,333.49,  and  the  corresponding 
disbursements  $33,333.49.  All  the  proper  vouchers  are  on  file,  and  have  by  me  been 
examined  and  found  to  be  correct,  there  being  no  balance  on  accounts  of  the  fiscal 
year  ending  June  30,  1899. 

CHARLES   A.   GLEASON, 

Auditor. 

Amheest,  Aug.  11,  1899. 
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REPORT   OF   THE   AGRICULTURIST. 


WM.    P.    BROOKS  ;    ASSISTANT,   H.    M.   THOMSON. 


The  work  of  the  agricultural  department  of  the  station  has 
been  more  extensive  during  the  past  year  than  ever  before 
during  its  history.  Besides  the  investigations  selected  for 
full  discussion  later  in  this  report,  we  have  carried  on  a  large 
number  of  other  out-door  experiments,  among  which  may 
be  mentioned  those  having  the  following  objects  in  view  : 
with  potatoes,  to  determine  the  best  distance  for  planting; 
with  oats,  to  determine  relative  value  of  equal  money's 
worth  of  five  different  phosphates  ;  with  corn,  to  determine 
relative  value  of  ten  leading  phosphates  when  used  in  quan- 
tities furnishing  equal  amounts  of  phosphoric  acid ;  with 
orchard  trees,  to  test  the  effects  of  five  different  systems  of 
manuring  ;  to  test  the  value  of  employing  nitragin  for  several 
of  the  crops  of  the  clover  family  ;  to  determine  the  adapta- 
tion and  value  of  different  grasses,  forage  and  food  crops. 

We  have  put  up  a  glass  house  for  use  in  connection  with 
pot  experiments,  and  have  installed  a  very  complete  equip- 
ment of  iron  tracks,  trucks,  pots,  etc.,  for  use  in  such  ex- 
periments. The  house  is  23  by  60  feet,  and  contains  six 
tracks.  The  track  yard  adjoining,  which  is  enclosed  by  fine 
wire  netting,  is  28  by  80  feet.  It  contains  seven  tracks, 
on  which  the  trucks  carrying  the  pots  stand  during  good 
weather,  being  quickly  run  into  the  house  in  case  of  rain  or 
storm.  It  has  transfer  track,  turn-table  and  an  iron  water 
tank.  We  have  partitioned  off  a  room  (12  by  30  feet)  in 
the  old  barn,  cemented  the  floor,  and  connected  the  same 
with  the  glass  house  by  iron  track  about  100  feet  in  length. 
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This  serves  as  a  work  room  in  connection  with  pot  experi- 
ments. We  have  this  year  carried  on  experiments  with 
potatoes,  onions,  soy  beans,  corn  and  millet  as  crops,  in 
which  we  have  used  286  pots.  The  results  are  of  much  value, 
having  assisted  toward  the  solution  of  a  number  of  important 
problems  ;  but,  as  there  remains  much  chemical  work  to  be 
finished  in  connection  therewith,  these  experiments  cannot 
be  reported  at  this  time.  Of  the  value  of  this  method  of 
experiment,  which  has  so  approved  itself  with  European 
investigators,  there  can  not  be  the  slightest  doubt ;  it  will 
prove  a  most  important  adjunct  to  field  work. 

We  have  further  carried  out  a  number  of  experiments  in 
cylinders  4  feet  deep  and  2  feet  in  diameter  (without  bot- 
tom), plunged  to  the  rim  in  the  open  air  and  filled  with 
equal  amounts  of  carefully  mixed  earth.  In  these  experi- 
ments we  have  employed  sixty-three  such  cylinders,  dealing 
with  some  important  problems.  This  too  proves  a  valuable 
method  of  work.  Results  are  not  yet  sufficiently  worked 
out  for  publication. 

The  report  will  touch  in  detail  only  upon  experiments  the 
results  of  which  are  sufficiently  definite  to  permit  practical 
deductions  of  value.  The  report  on  such  experiments 
follows. 

Soil  Tests. 
Two  soil  tests  have  been  carried  out  upon  our  home  grounds 
during  the  past  season,  both  in  continuation  of  previous 
work  upon  the  same  ground.  The  same  kinds  of  fertilizers 
have  been  applied  to  each  plot  and  in  the  same  amounts  as 
last  year.  In  addition,  each  plot  in  the  first  test  received 
an  application  of  slaked  lime,  at  the  rate  of  one  ton  per  acre  ; 
in  the  second  test,  one-half  of  each  plot  received  an  applica- 
tion of  lime  at  the  same  rate.  The  lime  was  spread  evenly 
early  this  spring,  and  harrowed  in,  both  fields  having  been 
ploughed  the  previous  fall. 

Soil  Test  with   Corn.     Amherst. 
The  past  is  the  eleventh  season  that  the  experiment  on  this 
field  has  been  in  progress.     The  crops  in  order  of  rotation 
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have  been  corn,  corn,  oats,  grass  and  clover,  grass  and 
clover,  corn  followed  by  mustard  as  a  catch-crop,  rye,  soy 
beans,  white  mustard,  corn,  and  this  year  corn  once  more. 
During  all  this  time  four  of  the  fourteen  plots  into  which  the 
field  is  divided  have  received  neither  manure  nor  fertilizer ; 
three  having  but  a  single  important  manurial  element,  nitro- 
gen, phosphoric  acid  and  potash,  —  every  year  the  same ; 
three  have  received  each  year  two  of  these  elements  ;  one 
has  received  all  three  yearly ;  and  one  each  has  received 
yearly  lime,  plaster  and  farm-yard  manure.  It  will  be  seen 
that  the  greater  part  of  the  field  has  remained  either  entirely 
unmanured  or  has  had  but  a  partial  manuring,  and  it  will  be 
readily  understood  that  the  degree  of  exhaustion  of  most  of 
the  plots  is  considerable.  The  nothing  plots  produced  this 
year  an  average  of  4.6  bushels  of  shelled  corn  per  acre  and 
767.5  pounds  stover  ;  and  even  this  figure  is  somewhat  mis- 
representative,  owing  to  the  fact  that  after  this  long  period 
two  of  the  nothing  plots  which  adjoin  plots  which  have  been 
yearly  well  manured  begin  to  feel  the  effect  of  the  high  fer- 
tility of  their  neighbors,  although  separated  from  them  by 
strips  three  and  one-half  feet  wide. 

The  Effect  of  the  Fertilizers. 
The  table  shows  clearly  the  marked  differences  undoubt- 
edly due  to  the  variation  now  eleven  years  continued  in  the 
fertilizer  treatment.  The  fertilizers  wherever  employed  are 
applied  at  the  following  rates  per  acre  ;  nitrate  of  soda,  160 
pounds  (furnishing  nitrogen)  ;  dissolved  bone-black,  320 
pounds  (furnishing  phosphoric  acid)  ;  muriate  of  potash, 
160  pounds  (furnishing  potash)  ;  land  plaster,  160  pounds  ; 
lime,  160  pounds  ;  and  cow  manure,  5  cords.  All  plots,  it 
must  be  remembered,  received  also  an  application  of  lime 
at  the  rate  of  1  ton  per  acre,  in  addition  to  the  materials 
named  in  the  table. 
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South  Acre  Soil  Test,  1899 

.* 

Yield  per  Acre. 

Gain  or  Loss  compared 

WITH  Nothing  Plots, 

PER  Acre. 

FERTILIZERS. 

Shelled 

Cornt 

(Bushels). 

Stover  t 
(Pounds). 

Shelled 

Corn 

(Bushels). 

Stover 
(Pounds). 

1 

Nitrate  of  soda, 

13.75 

1,160 

9.87 

430 

2 

Dissolved  bone-black, 

3.50 

620 

—  .38 

—  110 

3 

Nothing,  . 

3.88 

730 

- 

- 

4 

Muriate  of  potash,  . 

49.75 

2,760 

45.50 

2,000 

5 

Lime, 

7.25 

1,100 

2.62 

310 

e 

Nothing,  . 

5.00 

820 

- 

- 

7 

Manure,    . 

75.88 

5,350 

70.88 

4,530 

8 
9 

Nitrate  of  soda  and  dissolved  bone 

black. 
Nothing,   .        .        .        . 

21.38 
5.88 

1,220 
840 

15.50 

380 

10 
11 
12 

Nitrate  of  soda  and  muriate  of  pot 

ash. 
Dissolved  bone-black  and  muriate 

of  potash. 
Nothing,  . 

47.88 
59.88 
3.63 

2,360 

3,160 

680 

42.75 
55.50 

1,573 
2,427 

13 

Plaster 

6.63 

990 

3.00 

310 

14 

Nitrate  of  soda,  dissolved   bone 
black  and  muriate  of  potash. 

72.88 

4,450 

69.25 

3,770 

*  All  plots  limed  at  rate  of  one  ton  per  acre. 

f  Both  stover  and  ears  were  driest  upon  the  plots  giving  the  larger  yields,  viz.,  4,  7, 10, 11 
and  12,  for  only  on  these  was  growth  sufficiently  normal  to  allow  natural  ripening. 


The  Results  in  1898. 

[No  lime  had  been  used  except  on  the  lime  plot.] 

For  purposes  of  comparison  I  here  present  a  statement 
covering  the  results  of  last  year  (1898),  when  also  the  crop, 
as  has  been  pointed  out,  was  corn.  I  quote  from  my  last 
annual  report :  — 

The  single-element  plots,  one  receiving  nitrate  of  soda  only 
yearly,  another  phosphoric  acid  and  the  third  potash,  give  this  year 
practically  equal  crops  of  grain,  respectively  at  the  rate  of  20.6, 
18.5  and  19.8  bushels  per  acre.  The  nitrate  of  soda  and  dissolved 
bone-black  give  a  crop  at  the  rate  of  32  bushels  per  acre,  while 
nitrate  of  soda  and  potash  give  at  the  rate  of  but  10.9  bushels. 
The  dissolved  bone-black  and  muriate  of  potash  do  much  better, 
yielding  at  the  rate  of  41.2  bushels.  The  fertilizer  supplying  nitro- 
gen, phosphoric  acid  and  potash  gives  a  crop  of  55.9  bushels,  while 
manure  gives  67.7  bushels. 
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It  may  be  remembered  that  in  each  of  the  three  previous  years 
in  which  this  field  has  produced  corn  the  muriate  of  potash  has, 
whether  singly  or  in  combination,  proved  much  more  useful  than 
either  of  the  other  fertilizers  used.  There  is  much  evidence  in  the 
behavior  of  the  crops  this  year,  during  the  growing  season,  and  in 
the  results,  that  this  salt  is  proving  injurious  in  its  chemical  effect 
upon  the  soil.  I  believe  this  effect  to  be  a  loss  of  lime  in  the  form 
of  chloride  by  leaching,  but  cannot  regard  this  as  yet  proven.  I 
will  present  the  facts  apparently  bearing  upon  the  case,  and  leave 
full  discussion  to  a  later  report. 

1.  During  the  early  part  of  the  growing  season  the  corn  upon 
all  the  plots  which  had  received  muriate  of  potash  was  distinctly 
behind  that  upon  other  plots. 

2.  As  the  season  advanced,  the  corn  upon  these  plots  gradu- 
ally lost  its  sickly  appearance,  gained  upon  that  in  the  other  plots, 
eventually  excelling,  in  the  case  of  the  plot  receiving  nitrogen, 
phosphoric  acid  and  potash,  that  in  all  other  plots  except  the 
manure  plot. 

3.  This  unhealthy  appearance  of  the  corn  early  in  the  season, 
followed  by  great  improvement  later,  is  analogous  to  effects  noticed 
in  other  experiments,*  where  chlorides  have  been  used,  and  where 
liming  the  land  has  remedied  the  faulty  condition. 

4.  On  that  plot  receiving  dissolved  bone-black  as  well  as  muri- 
ate of  potash,  the  crop  was  in  the  end  a  good  one.  As  is  well 
known,  the  dissolved  bone-black  contains  a  large  amount  of  sul- 
fate of  lime.  It  is  believed  that  this  may  take  the  place  of  the 
lime  leached  from  the  soil  as  a  consequence  of  the  use  of  muriate 
of  potash,  or  at  least  that  it  corrects  in  some  way  the  faulty  con- 
dition consequent  upon  the  use  of  this  salt.  It  may  here  be  pointed 
out  that  a  similar  corrective  influence  is  evident  in  the  results  ob- 
tained both  in  1897  and  1898  upon  our  other  soil  test  acre,  which 
will  immediately  be  discussed. 

It  is  of  interest,  further,  to  point  out  that  the  crop  this  year  upon 
the  lime  plot  was  not  quite  equal  to  the  average  of  the  nothing 
plots,  while  that  of  the  plaster  plot  (sulfate  of  lime)  was  about 
double  that  of  the  lime  plot.  In  the  earlier  years  of  this  soil  test 
the  yield  of  neither  the  lime  nor  the  plaster  plot  ever  exceeded  that 
of  the  nothings,  but  for  the  past  three  years  the  plaster  plot  has 
been  relatively  gaining.  The  explanation  of  this  difference  between 
the  effect  of  plaster  and  lime  is  not  apparent.  It  will  be  made  the 
subject  of  future  study.   .   .   . 

The   problems  suggested    by  the  results  of    the  year  must  be 

*  For  example,  Plot  6,  Field  A.    See  report  State  Experiment  Station  for  1896. 
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regarded  as  the  most  valuable  product  of  this  experiment.  These 
problems  are  not  solved.  Their  solution  will  throw  important  light 
upon  methods  to  be  employed  in  compounding  and  selecting  fer- 
tilizers. 

Conclusions  (based  upon  Results  in  1899). 

1.  By  reference  now  to  the  table  showing  the  yields  for 
1899,  it  will  be  seen  that  what  last  year  was  merely  a  sus- 
picion, supported,  it  is  true,  by  incidental  observations  in 
connection  with  other  experiments,  is  apparently  confirmed 
by  the  results  of  this  year  after  liming,  viz.  :  that  last  year 
the  apjplication  of  potash  failed  to  prove  beneficial  as  in  the 
earlier  years  when  corn  was  grown,  because  its  continued  use 
in  the  form  of  muriate  had  residted  in  depleting  the  soil  of  its 
litne. 

It  should  be  noticed  that  I  say  "  apparently  confirmed." 
I  would  point  out  that  the  results  of  this  experiment  by 
themselves  do  not  furnish  absolute  proof,  for  its  plan  is  such 
that  it  does  not  enable  us  to  decide  that  the  superior  results 
of  the  past  season  may  not  have  been  due  to  the  fact  that 
the  lime  proved  beneficial  through  indirect  efiects  which 
might  have  been  exerted  equally  well  by  some  other  alkali, 
such  as  an  alkaline  salt  of  soda  or  of  magnesia.  To  deter- 
mine this  point,  two  series  of  pot  experiments  with  soil  from 
two  plots  in  this  field  have  been  carried  out.  In  these,  be- 
sides slaked  lime,  we  have  employed  land  plaster  (sulfate  of 
lime),  carbonate  and  sulfate  of  magnesia,  and  bicarbonate' 
and  sulfate  of  soda.  The  results  are  not  fully  worked  up, 
but  they  decisively  indicate  :  (a)  That  the  benefit  from  the 
use  of  lime  was  not  due  to  the  fact  that  it  corrected  soil  acidity. 
(Sulfate  of  lime,  a  neutral  salt,  produced  a  better  growth 
than  slaked  lime,  while  neither  the  carbonate  of  magnesia 
nor  the  carbonate  of  soda  proved  distinctly  beneficial ;  the 
latter,  indeed,  was  highly  injurious.)  (b)  That  it  was  not 
due  to  indirect  action  of  any  other  sort.  (Substances  exer- 
cising similar  chemical  and  physical  influence  upon  the  soil 
did  not  prove  equally  beneficial  with  the  plaster  or  the  slaked 
lime.) 

2.  The  yield  of  each  of  the  plots  which  has  been  manured 
with  muriate  of  jx)tash  is  largely  increased.     Alone  and  in 
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every  combination  it  proves  highly  beneficial.  That  this 
soil  after  eleven  years'  continuous  application  of  muriate  of 
potash  at  the  rate  of  160 pounds  per  acre  annually  should  he 
capable  after  liming  of  producing  corn  at  the  rate  of  49.75 
bushels  of  shelled  grain  per  acre,  is  astonishing. 

3.  The  crop,  amounting  to  almost  60  bushels  shelled  corn 
per  acre,  on  the  plot  which  now  for  eleven  years  has  yearly 
received  only  dissolved  bone-black  and  muriate  of  potash 
(lime  this  year  of  course  excepted)  and  which  in  this  long 
period  of  time  has  received  no  addition  of  nitrogen  in  the 
form  of  manure  or  fertilizers,  illustrates  the  remarkable  ex- 
tent to  which,  in  our  climate,  the  corn  plant  can  thrive  upon 
the  natural  stores  of  this  element  in  the  soil  and  that  which 
it  accumulates  as  a  result  of  the  introduction  of  clover  into 
the  rotation. 

4.  It  will  be  noticed  that  where  the  elements  nitrogen, 
phosphoric  acid  and  potash  have  been  yearly  supplied,  the 
crop  this  year,  amounting  to  about  73  bushels  per  acre,  is 
within  three  bushels  of  that  produced  where  manure  at  the 
rate  of  5  cords  per  acre  has  been  annually  applied.  The 
fertilizers  used  (nitrate  of  soda,  160  pounds ;  dissolved 
bone-black,  320  pounds  ;  and  muriate  of  potash,  160  pounds 
per  acre)  cost  about  |10 ;  while  the  manure,  if  purchased, 
would  cost  $25  at  least  in  most  parts  of  the  State.  It  should 
be  pointed  out,  however,  that  this  soil  has  almost  perfect 
physical  characteristics.  On  the  one  hand,  its  perfect  drain- 
age insures  freedom  from  excessive  moisture  even  in  wet 
seasons  ;  and,  on  the  other,  the  happy  mean  existing  in  the 
proportion  of  fine  and  coarse  particles  insures  good  water- 
conducting  power  (capillarity),  and  thus  prevents  injury 
from  drought  and  injurious  crust  formation.  In  such  a  soil 
the  organic  matter  furnished  by  manure  is  far  less  necessary 
than  in  those  which  are  either  more  sandy  or  more  clayey. 
For  these  reasons,  fertilizers  have  doubtless  made  a  more 
favorable  showing  as  compared  with  manure  than  would 
usually  be  the  case.  The  table  shows  the  relative  standing 
of  the  two  plots,  7  (manure)  and  14  (complete  fertilizer), 
for  the  entire  period  of  eleven  years.  It  will  be  seen  that 
the  financial  outcome  where  the  fertilizer  has  been  used  is 
much  better  than  for  the  plot  receiving  manure . 


122 


HATCH   EXPERIMENT   STATION. 


[Jan. 


Increases  as  compared  with  Plot  receiving  no  Manure. 
Produced  by  Complete  Fertilizer,  1889-99- 


CROP. 

Number 
Years 
grown. 

Bushels. 

Pounds. 

Value  of 
Increase. 

Cost  of 
Fertilizers. 

Corn 

Oats 

Rye, 

Soy  beans,     .... 

Grass, 

Mustard,        .... 

5 
1 
1 
1 
2 
1 

198.05 
15.63 
15.36 

stover,    12,475 
straw,      1,720 

straw,      2,480 

j  beans,         880  ) 

)  straw,          840 

hay,         3,420 

/  rowen,     1,360 

5,100 

$107  29 
14  70 
12  10 
4  61 
37  56 

$48  00 
9  60 
9  60 
9  60 
19  20 
19  20* 

$176  20 

$115  20 

Produced  by  Manure,  1889-99. 

Corn, 

5 

216.08 

stover,    13,990 

$117  79 

$125  00 

Oats, 

1 

18.13 

straw,      3,260 

22  11 

25  00 

Rye, 

1 

21.07 

straw,      3,200 

31  84 

25  00 

Soy  beans. 
Grass,     . 

1 

2 

(  beans,      1,520  \ 
\  straw,      3,880  ( 

hay,          4,860 
\  rowen,     3,460  ( 

77  26 
64  27 

25  00 
50  00 

Mustard, 

1 

8,500 

- 

50  00* 

$313  27 

$300  00 

*  Double  application  of  fertilizers  and  manure  for  mustard. 


Soil  Test  with  Oyiions.  Amherst. 
This  experiment  occupied  a  field  which  has  been  employed 
in  work  of  this  kind  for  ten  years,  the  several  plots  having 
been  every  year  manured  alike,  as  described  under  the  "  Soil 
test  with  corn."  The  previous  crops  in  the  order  of  rotation 
have  been  :  potatoes,  corn,  soy  beans,  oats,  grass  and  clover, 
grass  and  clover,  cabbages  and  ruta-baga  turnips,  potatoes 
and  onions.  The  land  was  ploughed  in  the  fall  of  1898  and 
reploughed  early  this  past  spring.  Fertilizers  were  em- 
ployed this  year  in  the  same  quantities  as  last,  viz.,  nitrate 
of  soda  at  the  rate  of  320  pounds  ;  dissolved  bone-black,  640 
pounds  ;  and  muriate  of  potash,  320  pounds,  per  acre.  These 
fertilizers  are  each  used  upon  one  plot  singly,  in  pairs,  and 
upon  one  plot  all  three  together.  The  west  half  of  each 
plot  was  limed,  as  has  been  stated,  at  the  rate  of  1  ton  per 
acre. 
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The  seed  was  sown  in  the  customary  manner,  but  more 
thickly,  on  April  28.  Germination  was  prompt  and  per- 
fect. 

The  development  upon  the  several  plots  and  upon  the 
unlimed  and  limed  sections  of  all  the  plots  exhibited  the 
most  remarkable  differences. 

1.  Many  of  the  plants  upon  the  nothing  plots  soon  died, 
and  those  remaining  made  practically  no  growth.  The  limed 
halves  of  these  plots  throughout  the  first  half  of  the  season 
were  even  worse  in  these  respects  than  the  unlimed. 

2.  The  application  of  no  single  element  without  lime 
gave  a  good  growth  ;  but  the  plants  upon  the  dissolved 
bone-black  (without  lime)  did  best.  With  lime  the  growth 
was  more  feeble  than  without  it  on  the  dissolved  bone-black 
plot.  On  the  plot  on  which  muriate  of  potash  was  used 
without  lime  most  of  the  plants  soon  died,  while  on  this 
fertilizer  alone  and  lime  there  was  a  rank  growth,  though 
few  ripe  bulbs  were  harvested.  Nitrate  of  soda  with  lime 
gave  better  growth  than  without,  but  both  with  and  without 
growth  was  very  feeble. 

3.  On  nitrate  of  soda  and  muriate  of  potash  without 
lime  almost  all  plants  died ;  with  lime  there  was  a  rank 
growth  ;  but  the  bulbs  did  not  ripen  well. 

4.  On  nitrate  of  soda  and  dissolved  bone-black  without 
lime  was  the  best  growth  on  the  unlimed  portion  of  the 
field.  As  last  year,  the  development  upon  these  two  fertil- 
izers alone  was  much  better  than  on  the  plot  where  they 
were  employed  in  the  same  amounts  with  muriate  of  pot- 
ash. The  growth  upon  the  limed  portion  of  the  plot  receiv- 
ing the  nitrate  and  bone-black  was  not  materially  improved, 
while  where  the  muriate  of  potash  was  used  with  these  fer- 
tilizers liming  influenced  the  growth  most  favorably. 

5.  Liming  proved  highly  favorable  on  the  plot  where 
dissolved  bone-black  and  muriate  of  potash  were  used,  this 
portion  of  that  plot  ranking  third  in  the  field  in  appearance 
throughout  the  season,  while  there  was  little  growth  upon 
the  unlimed  portion. 
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The  Effect  of  the  Fertilizers, 
The  tables  give  the  results  of  the  harvest :  — 

North  Acre  Soil  Test,   Onions,  1899. 


MANURING. 

Resttlts  in  Pounds,  including  Tops. 

Plots. 

TIELD  FEB  ACRE. 

GAIN  OR  LOSS  COMPARED 

WITH  NOTHINGS, 

PER  ACRE. 

Unlimed. 

Limed. 

Unlimed. 

Limed. 

Plot   1, 

Nothing, 

2,950 

3,180 

- 

- 

Plot  2, 

Nitrate  of  soda,  .... 

4,4T0 

9,700 

356.67 

5,046.67 

Plot  3, 

Dissolved  bone-black. 

2,950 

2,570 

—  2,323.33 

—2,836.67 

Plot  4, 

Nothing, 

6,440 

6,520 

- 

- 

Plot  5, 

Muriate  of  potash, 

3,270 

24,740 

—2,510 

18,467.50 

Plot  6, 
Plot   7, 
Plot   8, 

Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing, 

17,410 
1,440 
3,800 

17,380 

25,030 

5,530 

12,290 
—3,020 

11,355 
19,252.50 

Plot   9, 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nitrate  of  soda,  dissolved  hone- 
black  and  muriate  of  potash. 

Plaster 

11,090 

19,510 

7,680 

13,815 

Plot  10, 
Plot  11, 

13,770 
1,550 

22,730 
1,610 

10,750 
—  1,080 

16,870 
—4,415 

Plot  12, 

Nothing 

2,240 

6,190 

- 

- 

North  Acre  Soil 

Test,   0 

nions,  ^ 

1899. 

MANURING. 

Resui-i 

s  IN  Bushels  of  52  Pounds  of 

FAIELT  CUBED   OnIONS. 

Plots. 

YIELD  PE 

R  Acre. 

GAIN  OR  LOSS  COMPARED 

WITH  NOTHINGS, 

PER  ACRE. 

Unlimed. 

Limed. 

Unlimed. 

Limed. 

Plot   1, 

Nothing, 

2.69 

4.42 

- 

- 

Plot   2, 

Nitrate  of  soda,   .... 

18.65 

91.43 

15.13 

79.77 

Plot   3, 

Dissolved  bone-black. 

6.53 

12.31 

2.17 

—  6.60 

Plot   4, 

Nothing, 

5.19 

26.15 

- 

- 

Plot   5, 

Muriate  of  potash. 

3.07 

161.75 

—  1.54 

137.90 

Plot   6, 
Plot  7, 
Plot   8, 

Nitrate   of  soda   and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing 

143.10 
3.07 

2.88 

200.00 

145.40 

16.93 

139.06 
—  .39 

178.46 
121.55 

Plot  9, 
Plot  10, 
Plot  11, 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nitrate  of  soda,  dissolved  bone 
black  and  muriate  of  potash. 

Plaster, 

40.38 

46.15 

4.04 

183.88 

224.60 

6.35 

37.21 

42.69 

.29 

163.50 

200.94 

—20.68 

Plot  12, 

Nothing, 

4.04 

30.39 

- 

- 
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The  Results  and  Conclusions  based  thereon  in  1898. 
In  1898  also  the  crop  upon  this  field  was  onions,  and  it  is 
desirable  to  present  the  leading  statements  and  conclusions 
published  that  year  for  the  purpose  of  comparison.  The 
manuring  was  the  same  as  this  year,  save  that  no  lime  was 
used.     I  quote  from  my  last  annual  report ;  — 

The  results  show  that  this  [phosphoric  acid,  —  dissolved  bone- 
black]  more  than  either  the  nitrogen  or  the  potash  supply  controlled 
the  product.  The  crop  was  very  light,  however,  even  upon  the 
best  plot,  which  was  at  the  rate  of  116.9  bushels  per  acre,  upon 
the  plot  receiving  nitrate  of  soda  and  dissolved  bone-black.  Upon 
the  plots  receiving  these  two  fertilizers  and  muriate  of  potash  the 
crop  amounted  to  only  16.3  bushels  per  acre.  Here  is  strong 
evidence  that  the  muriate  of  potash  has  produced  in  the  soil  of 
this  field  conditions  absolutely  prejudicial  to  the  growth  of  the 
onion. 

Last  year  this  field  was  in  potatoes  under  the  same  system  of 
manuring,  but  with  half  the  quantities  employed  this  year.  The 
crop  of  potatoes  on  the  nitrate  and  bone-black  was  much  heavier 
than  on  these  two  and  potash,  and  in  commenting  upon  this  fact 
in  my  annual  report  I  wrote  :  "The  apparent  superiority  of  the 
phosphoric  acid  and  nitrogen  is  chiefly  due  to  the  fact  that  the  plot 
to  which  these  two  elements  alone  were  applied  was  for  some  reason 
(not  believed  to  be  the  effect  of  the  fertilizer  alone)  nearly  twice 
as  great  as  that  upon  any  other  plot.  Had  the  crop  where  the 
potash  was  added  to  the  nitrogen  and  phosphoric  acid  been  better 
or  even  as  good  as  that  where  the  phosphoric  acid  and  nitrogen 
alone  were  used,  we  should  be  justified  in  the  conclusion  that  nitro- 
gen and  phosphoric  acid  are  the  elements  chiefly  required.  The 
crop  where  all  three  elements  were  combined  was,  however,  much 
inferior  to  that  where  the  nitrogen  and  phosphoric  acid  were  used 
without  potash.  We  must,  therefore,  conclude  that  some  disturb- 
ing factor,  at  present  unknown,  influenced  the  results." 

In  view  of  the  similar  relative  results  upon  the  two  plots  under 
discussion  this  year,  I  am  now  forced  to  conclude  that  I  was  mis- 
taken last  year  in  supposing  that  the  superiority  of  the  plot  receiv- 
ing nitrogen  and  phosphoric  acid  only  was  not  ' '  the  effect  of  the 
fertilizer  alone." 

I  now  believe  that  the  muriate  of  potash  has  proved  actually  in- 
jurious to  the  last  two  crops,  and  that  the  explanation  (the  loss  of 
lime  which  it  causes)  already  suggested  accounts  for  this  effect. 
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Conclusions  (based  upon  Results  in  1899). 

1.  A  study  of  the  tables  giving  the  results  of  this  year 
affords  convincing  presumptive  evidence  that  the  continued 
use  of  muriate  of  potash  has  so  depleted  this  soil  of  lime  that 
its  use  for  the  onion  crop  is  a  necessity.  The  suspicion  of 
last  year,  just  quoted,  is  apparently  confirmed.  The  results 
obtained  in  two  series  of  pot  experiments  (not  yet  fully 
worked  up),  in  which  soil  from  two  plots  in  this  field  was 
used,  force  me,  however,  to  look  upon  this  conclusion  as  in 
a  measure  tentative  ;  for  in  the  pot  experiments  other  alkalies 
proved  almost,  if  not  quite,  as  beneficial  as  lime,  indicating 
that  the  presence  of  free  acid  in  the  soil  may  have  been  the 
cause  of  the  poor  growth  upon  most  of  the  plots  of  this  field. 
Even  this  conclusion  cannot,  however,  be  looked  upon  as 
final,  for  the  substitution  of  sulfate  for  the  muriate  of  potash 
in  the  pots  resulted  in  good  growth  without  the  addition  of 
any  alkali.  A  full  discussion  of  the  subject  is  reserved  for 
some  future  article. 

2.  We  are  meanwhile  justified  in  the  statement  that  both 
field  and  pot  experiments  show  that  the  muriate  is  an  un- 
desirable form  in  which  to  apply  potash  for  this  crop,  though 
the  bad  influence  of  the  chlorine  which  it  contains  may  pos- 
sibly be  neutralized  by  application  of  lime.* 

3.  The  remarks  of  last  year  may  in  conclusion  be  appro- 
priately quoted :  — 

The  Propel'  Course  as  regards  Potash  Supply. 
What,  then,  in  view  of  our  results,  are  we  to  recommend? 
Clearly  not  to  cease  using  potash,  —  we  have  been  unable  to  raise 
good  crops  without  it.  It  is  believed  the  remedy  will  be  found  in 
one  of  three  directions,  viz.,  (1)  the  occasional  liberal  use  of  lime 
where  muriate  of  potash  is  employed;  (2)  the  use  of  other  potash 
salts,  such  as  carbonate  or  sulfate  ;  or  (3)  the  employment  of  wood 
ashes  as  a  source  of  potash.  Should  potash  be  supplied  in  the 
form  of  either  carbonate  or  sulfate,  lime  leaches  from  the  soil  much 
less  rapidly ;  the  same  is  true  of  ashes,  and  these,  moreover,  sup- 

*  It  is  believed  that  the  influence  of  the  lime  will  be  even  more  marked  another 
year.  It  was  applied,  it  will  be  remembered,  this  spring.  Its  action,  as  was  antici- 
pated, was  not  sufficiently  prompt  to  prevent  much  injury  to  the  onions,  because  of 
faulty  soil  conditions  in  the  early  part  of  the  season.  We  have  accordingly  failed 
to  produce  a  good  yield  on  any  plot  this  year. 
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ply  much  lime.  This  entire  question,  however,  demands  further 
experimental  study,  and  I  am  not  at  present  prepared  to  give 
definite  advice  upon  this  point. 

Manure  Alone  v.  Manuee  and  Potash, 
An  experiment  in  continued  corn  culture  for  the  compari- 
son of  an  average  application  of  manure  with  a  smaller  ap- 
plication of  manure  used  in  connection  with  muriate  of  potash 
was  begun  in  1890.  A  full  account  will  be  found  in  the 
annual  reports  of  1890-96,  and  in  1895  a  general  summary 
of  the  results  up  to  that  date  was  given. 

The  land  used  in  this  experiment  was  seeded  with  a  mix- 
ture of  timothy,  red-top  and  clover  in  the  standing  corn  of 
1896.  A  good  stand  of  grass  and  clover  was  secured,  al- 
though the  latter  was  rather  unevenly  developed  in  different 
parts  of  the  field,  suggesting  a  possible  lack  of  thoroughness 
in  mixing  the  seeds. 

No  manure  or  potash  was  used  in  1897.  The  field  was 
kept  in  grass  two  years,  and  was  manured  as  usual  in  1898. 
It  includes  four  plots,  of  one-fourth  an  acre  each.  The  aver- 
age results  while  in  grass  are  shown  below  :  — 

Plots  1  and  3  (manure  alone,  6  cords  per  acre,  1890-96)  :  per 
acre,  hay,  5,662  pounds  ;  rowen,  3,218  pounds. 

Plots  2  and  4  (manui^e,  3  cords  per  acre,  1890-92  ;  4  cords, 
1893-96;  and  potash,  160  pounds  per  acre)  :  per  acre,  hay,  4,540 
pounds;  rowen,  2,633  pounds. 

The  sod  was  turned  in  the  autumn  of  1898  and  was  ma- 
nured this  spring,  as  shown  below  :  — 

Plot  1,  manure,  1^  cord;  weight,  8,825  pounds, 
p,   ,  2  J  manure,  1  cord  ;  weight,  5,880  pounds. 

'  1  high-grade  sulfate  of  potash,  40  pounds. 
Plot  3,  manure,  \^  cord  ;  weight,  8,840  pounds, 
p,   ,    -    f  manure,  1  cord ;  weight,  5,880  pounds. 

'  1  high-grade  sulfate  of  potash,  40  pounds. 

The  crop  this  year  has  been  corn  (Sibley's  Pride  of  the 
North),  and  its  development  appears  to  have  been  normal 
in  all  respects.     The  crop  was  a  heavy  one  on  all  plots. 
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Yield  ])Qi'  Plot. 


PLOTS. 

Ears 
(Pounds). 

Stover 
(Pounds). 

Plotl 

Plot  2 

Plots 

Plot  4, 

1,331 
1,331 
1,341 
1,355 

1,260 
1,160 
1,170 
1,110 

Average   Yield  per  Acre. 


PLOTS. 

Shelled  Grain 
(Bushels). 

Stover 
(Pounds). 

Plots  1  and  3  (manure  alone) , 

Plots  2  and  4  (manure  and  potash), 

66.8 
67.2 

4,860 
4,540 

It  will  be  noticed  that  the  crops  are  of  practically  equal 
value, — a  little  more  grain  on  the  manure  and  potash  and 
a  little  more  stover  on  the  larger  quantity  of  manure  alone. 
The  manure  and  potash  used  cost  per  acre  nearly  $7  less  than 
the  larger  amount  of  manure  used  alone. 

We  have  now  grown  seven  corn  crops  on  this  field,  and 
the  average  yields  are  at  the  rate  per  acre  for  the  two 
manurings  :  — 

Average  of  Seven  Crops. 


PLOTS. 


Shelled  Grain 
(Bushels). 


Stover 
(Pounds). 


Manure  alone,  . 

Lesser  manure  and  potash. 


61.5 
56.7 


4,562 
4,168 


At  prices  which  have  prevailed  during  the  period  covered 
by  this  experiment  the  total  manurial  application  where  the 
manure  and  potash  have  been  used  has  cost  at  the  rate  of 
$75  per  acre  less  than  on  the  other  plots.  The  manure 
alone,  however,  has  produced  yields  excelling  ttie  lesser 
manure  and  potash  for  the  entire  period  at  rates  per  acre 
amounting   to:    shelled    corn,    33,6  bushels;   corn  stover, 
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2,758  pounds  ;  hay,  2,244  pounds  ;  and  rowen,  1,170  pounds. 
These  products  would  have  been  worth  $46.50.  In  using 
the  large  amount  of  manure  alone,  then,  one  would  in  efiect, 
allowing  the  manure  to  cost  $5  per  cord  on  the  land,  have 
expended  $75  for  products  worth  but  little  more  than  one- 
half  that  sum. 

When,  further,  we  note  that  at  present  the  lesser  manure 
and  potash  is  producing  the  larger  crop  of  grain,  the  superior 
economy  of  the  system  is  evident. 

"Special"   Corn   Fertilizer   v.    Fertilizer   richer   in 

Potash. 

This  experiment  was  begun  with  a  view  to  comparing  the 
results  obtained  with  a  fertilizer  proportioned  like  the  aver- 
age ^^  special"  corn  fertilizers  found  upon  the  markets  in 
1891  with  those  obtained  with  a  fertilizer  richer  in  potash, 
but  furnishing  less  nitrogen  and  phosphoric  acid. 

Corn  was  grown  during  each  of  the  years  from  1891  to 
1896  inclusive.  From  1891  to  1895  it  was  found  that  the 
fertilizer  richer  in  potash  gave  the  more  profitable  results. 
In  1896  there  was  no  practical  difference.  It  was  decided 
during  the  season  of  1896  that  it  might  be  possible  to  derive 
a  greater  benefit  from  the  larger  quantity  of  potash  applied 
to  two  of  the  four  plots,  if  grass  and  clover  should  be  grown 
in  rotation  with  the  corn.  Accordingly  the  land  was  seeded 
with  a  mixture  of  timothy,  red-top  and  clover  in  the  stand- 
ing corn  in  July,  1896.  The  field  is  divided  into  four  plots, 
of  one-fourth  of  an  acre  each.  The  materials  supplied  to 
the  several  plots  are  shown  in  the  following  table  :  — 


FERTILIZERS. 


Plots  1  and  3 
(Pounds  Each), 


Plots  2  and  4 
(Pounds  Each) 


Nitrate  of  soda, 

Dried  hlood,     . 

Dry  ground  fish, 

Plain  superphosphate,    . 

Muriate  of  potash,   . 

Cost  of  materials  per  plot, 


20.0 
30.0 
30.0 

226.0 
22.5 

$3  23 


18.0 
30.0 
20.0 

120.0 
60.0 

$3  10 
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The  field  was  kept  in  grass  for  two  years,  the  average 
yields  being  at  the  rates  per  acre  :  "  Special "  fertilizer  :  hay, 
2,730  pounds;  rowen,  1,122;  fertilizer  richer  in  potash: 
hay,  2,557.5  pounds  ;  rowen,  1,149  pounds.  The  "  special," 
it  will  be  seen,  gave  yearly  172.5  pounds  more  hay  but  27 
pounds  less  rowen  than  the  other  fertilizer.  The  larger 
nitrogen  application  accounts  for  the  excess  in  hay  ;  the  lar- 
ger potash  application  to  the  other  plot  produces  the  more 
rowen.  The  stand  of  clover  in  the  field  was  poor.  It  is 
believed  that,  had  it  been  good,  the  differences  in  yield  of 
rowen  in  favor  of  the  fertilizer  richer  in  potash  would  have 
been  larger. 

The  sod  was  ploughed  in  the  autumn  of  last  year,  fertili- 
zers as  usual  applied  and  wheel-harrowed  in  this  spring. 
The  crop  this  year  was  corn,  which  made  perfectly  normal 
and  good  growth  on  all  plots  and  gave  a  good  yield. 


Yield  of  Corn,  1899. 


PLOTS. 


Ears 
(Pounds). 


Stover 
(Pounds). 


Plot  1  (lesser  potash),  . 
Plot  2  (richer  in  potash) , 
Plot  3  (lesser  potash) ,  . 
Plot  4  (richer  in  potash), 


1,257.5 
1,141.0 
1,168.5 
1,200.5 


1,090 
1,140 
1,120 
1,120 


Average 

Rates 

jjer 

Acre. 

PLOTS. 

Shelled  Grain 
(Bushels). 

Stover 
(Pounds). 

Plots  1  and  3 

60.7 
58.5 

4,420 

Plots  2  and  4, 

4,520 

The  crops  this  year  are  almost  equal, — the  "special" 
giving  a  little  more  than  2  bushels  more  grain  ;  the  fertilizer, 
richer  in  potash,  100  pounds  more  stover.  The  former  gives 
somewhat  the  more  valuable  and  the  more  profitable  crop. 
The  advantage,  however,  is  insignificant,  amounting  to  only 
25  cents  per  acre. 
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The  experiment  has  now  been  in  progress  nine  years,  and 
during  seven  of  these  years  corn  has  been  grown ;  on  all 
plots  five  years  and  on  two  only  of  the  plots  two  years. 
The  averages  for  the  seven  years  are  given  in  the  table  :  — 


Ave 

7'age 

Yield  C 

hrn, 

Seven  Years. 

Shelled  Grain 
(Bushels 
per  Acre). 

Stover 

(Pounds  per 

Acre). 

"  Special "  fertilizer 

Fertilizer  richer  in  potash, 

57.95 
50.41 

3,760 
4,033 

During  two  years  one-half  this  field  was  occupied  by 
Japanese  millet  {Panicum  Italitiwn).  The  average  yields 
per  year  are  shown  in  the  table  :  — 

Averages,  Millet,   Two  Years. 


Millet  Seed 
(Bushels 
per  Acre). 


Straw 

(Pounds  per 

Acre). 


"  Special "  fertilizer, 
Fertilizer  richer  in  potash, 


63.15 
66.55 


3,522 
3,735 


It  will  be  seen,  then,  that  thus  far  the  two  systems  of 
manuring  stand  nearly  upon  an  equality.  The  fertilizer 
poorer  in  potash  ("special")  has  given  the  more  corn  and 
the  more  hay.  The  other  fertilizer,  richer  in  potash,  has 
given  the  more  corn  stover,  rowen,  millet  seed  and  millet 
straw.  At  present  the  two  stand  practically  equal,  as  shown 
by  the  corn  crop  of  the  past  season,  It  is  believed  that  by 
the  frequent  introduction  of  clover  (of  which  we  have  not 
yet  had  a  good  catch)  the  fertilizer  richer  in  potash  will 
prove  superior  to  the  other. 


Sulfate  compared  with  Muriate  of  Potash  for 
Various  Crops.     (Field  B.) 
This  experiment  has  been  in  progress  in  its  present  essen- 
tial features  since  1893.     From  1884  to  1889  the  odd  num- 
bered plots,  11  to  21,  were  manured  yearly  at  the  rate  of 
200  pounds  per  acre  of  muriate  of  potash,  while  the  even 
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numbered  plots  received  no  potash.  From  1889  to  1892  all 
plots  were  manured  alike.  Since  1892  each  plot  has  re- 
ceived yearly  bone  meal  at  the  rate  of  600  pounds  per  acre, 
the  odd  numbered  plots  muriate  of  potash  at  the  rate  of 
400  pounds,  and  the  even  numbered  plots  high-grade  sul- 
fate of  potash  at  the  same  rate  per  acre.  There  are  eleven 
plots,  numbered  11  to  21.  These  plots  have  been  used  for 
a  wide  variety  of  crops  during  the  seven  years  that  the 
experiment  has  been  continued.  The  crops  during  the  past 
year  have  been  sugar  beets,  sweet  corn,  cabbages,  field  corn 
and  soy  beans. 

Sugar  Beets  (^Sulfate  v.  Muriate  of  Potash). 
Sugar  beets  of  four  varieties  occupied  plots  15  and  16. 
The  yield  on  15  (muriate  of  potash)  amounted  to  3,815 
pounds  (14.3  tons)  per  acre;  the  yield  on  16  (sulfate  of 
potash)  amounted  to  3,708  pounds  (13.9  tons)  per  acre. 
Each  variety  was  sampled  and  the  value  of  the  beets  for 
sugar  manufacture  determined.  With  one  exception  the 
beets  grown  on  the  sulfate  of  potash  showed  considerably 
higher  percentages  of  sugar  and  a  juice  of  a  higher  degree 
of  purity  than  those  grown  on  the  muriate.  Though  the 
latter  gave  a  slightly  higher  yield,  the  sulfate  produced 
more  sugar  and  a  juice  offering  less  difficulties  in  manufact- 
ure. In  the  case  of  the  one  variety  where  the  muriate  gave 
the  richer  beet,  it  is  believed  that  this  was  due  to  the  fact 
that  the  sulfate  beets  selected  for  analysis  were  consider- 
ably larger  than  the  others.  The  differences  in  quality  be- 
tween the  beets  grown  on  the  two  salts  were  not  sufficiently 
great  to  materially  affect  their  value  for  stock  feeding. 

Sweet  Corn  (^Sulfate  v.  Muriate  of  Potash). 
This  crop  (Moore's  Concord)  occupied  plots  11  and  12. 
Our  objects  were  :  first,  to  study  the  effect  of  the  two  forms 
of  potash  on  yield  ;  second,  to  determine  whether  there  was 
any  difference  in  quality  between  the  product  of  the  two 
plots  which  would  affect  its  value  for  the  table  ;  and,  third, 
to  determine  whether  there  was  any  well-defined  difference 
in  composition  of  the  entire  plant  (stalk  and  ear)  which 
would  affect  the  value  for  stock  feeding. 
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1.     Product.  — The  details  concerning  product  are  shown 
in  the  table  :  — 

Sweet  Corn. 


Weight  of 

Entire  Crop 

(Pounds). 

Number  of  Ears. 

Total  Ears 
(Pounds). 

Weight  of 

Large. 

Small. 

Stover 
(Pounds). 

Muriate  of  potash, 
Sulfate  of  potash, 

4,965 
4,965 

1,411 
1,574 

335 
377 

929.69 
1,034.36 

4,035.31 
3,930.64 

In  the  judgment  of  the  men  handling  the  crop,  the  plants 
stood  slightly  thicker  on  plot  12  than  on  plot  11,  and  it  is 
likely  that  this  accounts  in  large  measure,  if  not  entirely,  for 
the  greater  number  of  ears  on  plot  12.  It  will  be  noticed 
that  the  total  product  was  the  same  on  the  two  plots. 

2.  Quality  for  Table  Use.  —  Chemical  examination  of 
kernels  of  corn  from  the  two  plots  showed  no  difference 
which  can  be  regarded  as  significant ;  in  fact,  the  differences 
are  probably  within  the  limits  of  error.  It  therefore  appears 
that  the  chlorine  of  muriate  did  not  exert  the  depressing 
effect  on  sugar  formation  that  is  often  noticed  with  other 
crops. 

3.  The  Food  Value  of  the  Entire  Plant. — Analyses  of 
the  product  of  the  two  plots  revealed  no  differences  in  com- 
position which  would  materially  affect  the  feeding  value. 


Field  Corn  (^Eureka  for  the  Silo)    (Sulfate  v.  Muriate  of 

Potash). 

This  crop  occupied  plots  19  and  20,  and  on  both  made  a 
fine  growth,  averaging  15  feet  in  height.  The  ears  were 
small  and  in  the  milk  when  the  crop  was  ensiled,  September 
28.     The  yields  (obtained  by  weighing  after  partial  wilting) 


were  : 


Muriate  plot,  6,145  pounds,  at  rate  of  23  tons  per  acre. 
Sulfate  plot,  5,675  pounds,  at  rate  of  21.2  tons  per  acre. 


Feeding  Value.  —  The  crop  from  both  plots  was  sampled 
for  analysis.  The  results  showed  no  important  differences 
in   the   feeding   value  of    the   product    on   the  two    salts. 


134 


HATCH   EXPERIMENT    STATION. 


[Jan. 


Maercker*  has  quoted  Moser  to  the  effect  that  corn  raised 
on  muriate  of  potash  contains  more  protein,  and  therefore 
has  a  higher  food  value,  than  when  grown  on  sulfate.  Three 
experiments  here,  one  in  1898  and  the  two  this  year,  have 
not  shown  this  to  be  the  case.  It  would  appear  that  the 
muriate  of  potash  is  equally  as  good  for  the  corn  crop  as 
the  sulfate. 

Soy  Beans  {Sulfate  v.  Muriate  of  Potash). 
Through  accident  the  product  of  the  soy  bean  plots  was 
mixed ;  and  I  can  only  report  that  during  the  early  part  of 
the  season  the  beans  on  the  sulfate  appeared  much  better 
than  the  others.  Later  this  apparent  superiority  was  lost 
in  large  measure,  as  judged  after  careful  examination. 


Cabbages  (^Sulfate  v.  Muriate  of  Potash). 
This  crop  (Warren  cabbage)  occupied  plots  13  and  14. 
The  growth  on  the  sulfate  of  potash  was  from  the  start  much 
better  than  on  the  muriate,  and  this  superiority  was  main- 
tained throughout  the  season.  The  yield  is  shown  in  the 
table  :  — 


Kumher  of 
Hard  Heads, 
November  2. 

Total  Weight  (Pounds). 

Hard  Heads. 

Soft  Heads. 

(Pounds;. 

Muriate  of  potash, 
Sulfate  of  potash, 

393 
502 

4,105 
5,475 

720 
255 

750 
1,060 

It  will  be  noticed  that  the  sulfate  of  potash  plot  gave  much 
the  larger  and  more  valuable  crop.  It  should  be  pointed 
out  that,  on  account  of  difference  of  growth  due  to  acci- 
dental conditions,  the  above  table  has  been  made  to  include 
the  yield  for  only  about  one-ninth  of  an  acre.  The  product 
of  plot  14  sold  at  a  price  (5  cents  per  head)  which  would 
have  made  the  product  of  one  acre  of  such  cabbages  worth 
about  $250,  while  the  product  of  the  other  plot  was  worth 
only  at  the  rate  of  about  $200  per  acre. 

*  Die  Kalidungung,  p.  252. 
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Comparison  of  Different  Potash  Salts.  (Field  G.) 
The  object  in  this  experiment  is  to  determine  the  relative 
manurial  value  for  our  various  crops  of  the  different  promi- 
nent potash  salts.  The  experiment  was  begun  in  1898,  the 
crop  that  year  being  the  soy  bean.  The  results  were  inde- 
cisive and  unsatisfactory,  the  crop  where  no  potash  was 
used  in  numerous  instances  being  as  great  as  where  potash 
manures  were  applied.  The  potash  resources  of  the  soil 
were  clearly  too  large  to  allow  satisfactory  deductions  to  be 
made.  This  had,  however,  been  anticipated.  From  the 
nature  of  the  problem  it  was  recognized  that  the  experiment 
must  continue  for  a  series  of  years.  We  must  study  not 
simply  the  immediate  effect  upon  the  crop,  but  the  effect 
upon  the  soil  of  long-continued  use  of  the  different  salts,  — 
and  as  well  the  effect  upon  the  crop  of  such  continued  use. 

In  this  experiment  the  plots  are  one-fortieth  of  an  acre 
each,  duly  separated  by  dividing  strips.  There  are  forty 
plots,  each  manuring  being  five  times  duplicated.  Every 
plot  receives  yearly  materials  estimated  to  furnish  nitrogen 
and  phosphoric  acid  in  liberal  amounts.  All  receive  the 
same  materials,  save  plots  6,  14,  22,  30  and  38,  on  which 
the  potash  salt  used  is  the  nitrate,  so  that  the  amount  of  ni- 
trate of  soda  for  these  is  made  only  sufficient  (.5  pounds)  to 
furnish  to  these  plots  the  same  amount  of  nitrate  nitrogen  as 
to  the  others.  With  this  exception,  the  materials  applied 
as  sources  of  nitrogen  and  phosphoric  acid  are,  per  plot :  — 

Pounds. 

Nitrate  of  soda, 7.0 

Tankage, 7.5 

Acid  phosphate, 10.0 

In  order  to  make  certain  that  there  should  be  no  failure 
through  deficiency  of  lime,  the  entire  field  received  an  ap- 
plication at  the  rate  of  one  ton  to  the  acre  of  lime  freshly 
slacked,  which  was  wheel-harrowed  in  early  in  the  spring  of 
1898. 

The  various  potash  salts  where  used  were  applied  in 
amounts  intended  to  furnish  an  equal  quantity  of  actual 
potash  (KgO)  to  each  plot,  as  follows  :  — 
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Plot  1. 

No  potash. 

Pounds. 

Plot  2. 

Kainite,        . 

27.75 

Plot  3. 

High-grade  sulfate  of  potash,     . 

7.50 

Plot  4. 

Low-grade  sulfate  of  potash, 

15.00 

Plot  5. 

Muriate  of  potash,       ..... 

7.50 

Plot  6. 

Nitrate  of  potash, 

8.25 

Plot  7. 

Carbonate  of  potash-magnesia,  . 

20.00 

Plot  8. 

Silicate  of  potash, 

17.00 

Plots  9-16,  17-24,  25-32  and  33-40  are  duplicates  re- 
spectively of  plots  1-8. 

The  crop  this  year  (the  second  of  the  experiment)  was 
potatoes.  Beauty  of  Hebron,  seed  from  Maine.  It  was 
planted  in  drills,  one  set  (2-3  eyes)  in  14  inches.  The 
tubers  were  subjected  to  the  formalin  treatment,  to  prevent 
scab,  being  soaked  two  hours  in  a  solution  of  eight  ounces 
to  15  gallons  of  water.  They  were  budded  in  a  light  room 
after  treatment,  before  being  planted  on  May  8-9.  The 
crop  was  well  cared  for,  and  sprayed  repeatedly  with  Bor- 
deaux mixture,  to  prevent  blight,  of  which  there  was  little. 
The  yield  was  heavy,  varying  from  297  to  380  bushels  of 
merchantable  potatoes  per  acre  on  thediiferent  potash  salts. 
The  results  are  not  entirely  conclusive,  for  the  reason  that 
in  duplicate  plots  the  yields  of  the  different  salts  do  not 
occupy  the  same  relative  rank.  Thus,  for  example,  the 
various  salts  made  the  following  relative  yields  in  merchant- 
able tubers  :  — 

Kainite  stands :  — 

1st,  once ;  3d,  once  ;   6th,  twice  ;  and  7th,  once. 
High-grade  sulfate  of  potash  stands  :  — 

1st,  twice  ;  2d,  twice ;  and  3d,  once. 
Low-grade  sulfate  of  potash  stands  :  — 

2d,  twice  ;  3d,  once  ;  6th,  once  ;  and  7th,  once. 
Muriate  of  potash  stands  :  — 

1st,  once;  4th,  twice;   5th,  once;  and  6th,  once. 
Nitrate  of  potash  stands  :  — 

Once  each  :  3d,  4th,  5th,  6th  and  7th. 
Carbonate  of  potash-magnesia  stands  :  — 

1st,  twice;   3d,  twice  ;  and  5th,  once. 
Silicate  of  potash  stands  :  — 
4t]i,  twice ;   6th,  twice  ;.  and  7th,  once. 
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With  such  variations  in  relative  standing,  it  will  be  agreed 
we  must  interpret  results  with  caution.  Still,  it  is  believed 
that  the  average  yield  of  the  different  salts  should  be  pub- 
lished as  a  matter  of  record  :  — 


Average 

Yield  of  Plots. 

PLOTS. 

Pounds  per  Plot. 

Bushels  per  Acre. 

Large.*     |      Small. 

Large.* 

Small. 

No  potash, 

430.70 

61.00 

287.13 

40.66 

Kainite, 

488.45 

52.60 

326.83 

33.86 

High-grade 

sulfate. 

525.70 

52.95 

350.46 

35.49 

Low-grade 

sulfate. 

508.20 

55.70 

338.79 

37.13 

Muriate, 

506.30 

61.40 

337.53 

40.93 

Nitrate, 

498.20 

64.75 

332.13 

43.16 

Carbonate, 

518.00 

64.80 

345.33 

43.39 

Silicate, 

492.40 

56.00 

328.26 

38.39 

*  Two  ounces  or  over. 


Conclusions. 

1.  It  will  be  noticed  that  the  soil  is  potash  hungry,  for 
every  one  of  the  salts  used  increases  the  yield. 

2.  The  high-grade  sulfate  of  potash  stands  first.  It  has 
with  rare  exceptions  been  found  more  effective  in  increasing 
the  yield  than  the  muriate,  with  which  it  has  been  frequently 
compared,  and  it  gives  better  quality.  We  are  justified  in 
the  conclusion  that  the  application  of  potash  in  this  form 
for  the  potato  will  give  good  results.  It  should  be  pointed 
out  that  our  soil  is  moderately  heavy  and  retentive.  On 
drier  sorts  the  muriate  may  compare  with  the  sulfate  more 
favorably. 

3.  The  comparatively  new  carbonate  of  potash-magnesia 
ranks  second.  It  is  as  carbonate  that  potash  exists  in  wood 
ashes,  which,  however,  are  believed  to  favor  some  forms  of 
scab.  The  fertilizer  did  not  have  that  effect.  This  appears 
to  be,  then,  a  very  useful  form  of  potash.  In  mechanical 
condition  it  leaves  nothing  to  be  desired,  being  fine  and 
remaining  dry  under  all  conditions  of  weather.  The  price 
is  at  present  too  high  to  allow  its  general  use. 
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4.  The  low-grade  sulfate  of  potash  ranks  third  ;  but,  as 
freights  cost  more  per  unit  of  potash  for  this  salt  than  for 
the  high  grade,  the  latter  is  generally  to  be  preferred.  It 
is  not  impossible  that  in  some  localities  the  magnesia  of  the 
low-grade  sulfate  may  prove  useful ;  but  we  have  no  evi- 
dence that  such  is  the  case  here. 

5.  The  kainite  ranks  lowest  among  all  the  salts  em- 
ployed. Since  this,  containing  only  about  13  per  cent,  of 
actual  potash,  can  be  purchased  at  a  much  lower  ton  price 
than  the  purer  salts,  such  as  the  high-grade  sulfate  and  the 
muriate,  it  is  sometimes  selected  by  farmers.  It  should  be 
remembered  that  the  unit  of  potash  on  the  farm  usually 
costs  more  in  the  kainite  than  in  the  others.  In  view  of 
our  results,  then,  I  can  see  no  reason  for  selecting  this 
potash  fertilizer. 

6.  The  silicate  of  potash  gives  the  next  lowest  crop.  It 
is  apparently  slowly  available.  The  present  cost  is  high, 
and  it  can  be  kept  from  caking  only  by  admixture  with 
powdered  peat  or  similar  material.  It  is  prepared  espe- 
cially for  use  on  tobacco,  for  which  crop  it  is  under  trial  in 
Germany  and  in  this  country.  I  judge  it  will  have  no  ap- 
plication for  ordinary  crops  ;  and  its  usefulness  for  tobacco 
is  not  fully  demonstrated,  though  some  favorable  results 
have  been  obtained. 

Leguminous  Crops   (Clover,  Pea  and  Bean  or   "Pod" 
Family)   as  Nitrogen  Gatherers.     (Field  A.) 
This  experiment  is  a  continuation  of  a  series  begun  in 
1889.     The  objects  in  view  have  been  :  — 

1.  To  determine  the  extent  to  which  plants  of  the  clover 
family  are  capable  of  enriching  the  soil  in  nitrogen  taken 
by  them  from  the  air  through  the  agency  of  the  nodular 
bacteria  found  upon  their  roots. 

2.  To  compare  nitrate  of  soda,  sulfate  of  ammonia,  dried 
blood  and  farm-yard  manure  as  sources  of  nitrogen.* 

The  plots,  eleven  in  number,  are  one-tenth  acre  each,  and 
are  numbered  0  to  10.     Three  plots  (4,  7  and  9)  have  re- 

*  Only  such  details  are  given  here  as  are  necessary  to  an  understanding  of  the 
nature  of  the  experiment.  Full  particulars  will  he  found  in  our  ninth  and  tenth 
annual  reports. 
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ceived  no  nitrogen-containing  manure  or  fertilizers  since 
1884 ;  one  (0)  has  received  farm-yard  manure  ;  two  (1  and 
2),  nitrate  of  soda;  three  (5,  6  and  8),  sulfate  of  am- 
monia; and  two  (3  and  10),  dried  blood  every  year  since 
1889.  These  materials  have  been  used  in  amounts  to  fur- 
nish nitrogen  at  the  rate  of  45  pounds  per  acre  each  year. 

All  plots  have  received  yearly  equal  quantities  of  phos- 
phoric acid  and  potash  ;  viz.,  80  pounds  per  acre  of  the  former 
and  125  pounds  of  the  latter  from  1889  to  1894  and  the  past 
four  seasons  ;  but  in  1894  and  1895,  double  these  quantities. 
To  some  of  the  plots  the  potash  is  applied  in  the  form  of 
potash-magnesia  sulfate ;  to  others,  in  the  form  of  muriate. 
The  results  with  the  former  salt  have  been  superior  to  those 
with  the  latter,  as  a  rule,  particularly  when  used  in  connec- 
tion with  sulfate  of  ammonia.  The  entire  field  received  at 
the  rate  of  1  ton  per  acre  of  partially  air-slacked  lime  in  the 
spring  of  1898,  in  addition  to  the  usual  fertilizers. 

Up  to  this  year  we  may  briefly  characterize  the  results, 
in  so  far  as  these  have  a  bearing  upon  the  two  main  ques- 
tions proposed,  as  follows  :  — 

1.  The  leguminous  crops  grown  (soy  beans  in  1892, 
1894  and  1896)  have  not  appeared  to  enrich  the  soil  in  nitro- 
gen, if  we  accept  the  results  with  the  next  following  crop  as 
affording  a  basis  of  judgment. 

2.  The  different  sources  of  nitrogen  have  ranked  on  the 
average  in  the  following  order :  nitrate  of  soda,  farm-yard 
manure,  dried  blood  and  sulfate  of  ammonia. 

The  crop  in  1898  was  oats.  After  harvesting  them,  the 
land  was  ploughed  and  sown  to  what  was  supposed  to  be 
mammoth  red  clover  in  August.  The  variety  appears  to  be 
the  common  red.  This  went  into  the  winter  in  excellent 
condition,  but  was  somewhat  winter-killed  on  all  plots,  ap- 
parently for  reasons  unconnected  with  the  manures  which 
had  been  employed.  The  injury  was  most  severe  on  plots 
0,  5  and  8,  and  least  on  plot  5.  Between  the  other  plots 
there  was  little  difference  in  the  degree  of  injury,  if  we  ex- 
cept plot  6,  on  which  it  was  greater  than  on  the  others. 
Seed  was  sown  on  the  surface  this  spring  where  needed. 
This  germinated  well,  but  the  young  plants  made  little 
growth,  on  account  of  the  dry  weather.     Two  crops  were 
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cut,  the  first  on  July  3.  The  plants  at  this  time  had  ceased 
growth,  on  account  of  drought.  Not  all  had  blossomed,  yet 
the  condition  must  be  classed  as  mature.  The  yield  was 
seriously  decreased  by  the  dry  weather.  The  second  crop 
was  cut  August  21,  being  somewhat  mixed  with  annual 
grasses,  but  apparently  to  equal  degree  in  all  plots.  The 
hay  was  secured  in  good  condition,  being  cured  mostly  in 
the  cock.  The  table  shows  the  fertilizer  treatment  and 
the  yields  of  the  several  plots  :  — 


Nitrogen  Experiment,  - 

—Fertilizers  used  and  Yield  of  Clover. 

Plots, 

FERTILIZERS. 

Pounds. 

Clover 

Hay 

(Pounds). 

Clover 

Rowen 

(Pounds). 

Total 
(Pounds). 

Plot     0, 

Plot     1, 

Plot    2, 

Plot     3, 
Plot    4, 
Plot    5, 

Plot    6, 
Plot     7, 
Plot     8, 
Plot     9, 
Plot  10, 

Barn-yard  manure, 
,  Potash-magnesia  sulfate 
Dissolved  bone-black, 

( Nitrate  of  soda, 

1  Potash-magnesia  sulfate 

(  Dissolved  bone-black, 

( Nitrate  of  soda, 

J  Potash-magnesia  sulfate 

(  Dissolved  bone-black, 

( Dried  blood,    . 

I  Muriate  of  potash, . 

(  Dissolved  bone-black, 

I  Muriate  of  potash, . 
\  Dissolved  bone-black, 

i  Ammonium  sulfate, 
J  Potash-magnesia  sulfate 
(  Dissolved  bone-black, 

( Ammonium  sulfate, 
]  Muriate  of  potash, . 
(  Dissolved  bone-black, 

(  Muriate  of  potash,  . 
(  Dissolved  bone-black, 

f  Ammonium  sulfate. 

Muriate  of  potash,  . 

(  Dissolved  bone-black, 

(  Muriate  of  potash,  . 
(  Dissolved  bone-black, 

(  Dried  blood,    . 

]  Potash-magnesia  sulfate 

( Dissolved  bone-black, 

'     ; 

800.0) 
32.0} 
18.0  ) 

29.0) 
48.5} 
50.0  ) 

29.0) 
48.5} 
50.0) 

43.0) 
25.0} 
50.0  ) 

25.0) 
50.0  i 

22.5) 
48.5} 
50.0  ) 

22.5) 
25.0} 
50.0  ) 

25.0  ) 
50.0  i 

22.5) 
25.0} 
50.0) 

25.0 
50.0 

43.0 

48.5 
40.0 

220.0 

200.0 

220.0 

120.0 
140.0 
140.0 

140.0 
180.0 
200.0 
215.0 
215.0 

288.3 

243.8 

202.6 

225.8 
196.8 
202.1 

235.6 
162.9 
207.5 
206.5 
241.5 

508.3 

443.8 

422.6 

345.8 
336.8 
342.1 

375.6 
342.9 
407.5 
421.5 
456.5 

It  is  perhaps  questionable  whether  much  weight  should  be 
attached  to  the  yields  at  the  first  cutting,  since  full  develop- 
ment was  not  reached  on  account  of  drought.  The  rowen 
gives  a  better  basis  for  comparison.  Studying  these  figures, 
we  find  the  following  points  bearing  upon  the  problem  on 
which  the  experiment  seeks  to  shed  light ;  — 
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1.  The  various  materials  furnishing  nitrogen  ranh  in  the 
following  order:    manure,  dried  blood,  nitrate  of  soda  and 

sulfate  of  ammonia. 

2.  The  plots  receiving  no  nitrogen  approach  in  average 
yield  much  more  closely  to  those  getting  this  element  than  has 
been  the  case  with  any  previous  crop  on  this  land.  This  must 
he  regarded  as  highly  significant,  for  it  will  he  remembered 
that  this  field  has  heen  under  experiment  for  eleven  years,  and 
in  all  that  time  these  plots  have  received  no  nitrogenous  ma- 
nure or  fertilizer  of  any  hind.  The  clover  must,  it  seems 
evident,  have  drawn  from  the  air  for  this  element,  in  which, 
as  is  well  known,  it  is  especially  rich. 

Fertilizers  for  Garden  Crops.  (Field  C.) 
This  series  of  experiments  was  begun  in  1891,  and  has 
for  its  objects  to  test  the  relative  value  for  garden  crops  : 
,  (1)  of  sulfate  of  ammonia,  nitrate  of  soda  and  dried  blood 
as  sources  of  nitrogen;  and  (2)  of  muriate  and  sulfate  as 
sources  of  potash.  For  full  details  concerning  the  methods 
followed  and  earlier  results,  reference  is  made  to  my  eleventh 
annual  report.  It  should,  however,  be  pointed  out  here 
that  partially  rotted  stable  manure  has  been  applied  in  equal 
amounts  to  all  the  plots  for  the  last  two  years.  The  amount 
of  such  manure  used  this  year  was  7,200  pounds  per  plot. 
The  fertilizers  used  were  as  follows  :  — 


Annual  Supply  of  Manurial  Substances  (Pounds). 

( Sulfate  of  ammonia, 38 

Plot  1,^  Muriate  of  potash, 30 

Q  Dissolved  bone-black, 40 

^  Nitrate  of  soda, 47 

Plot  2,  <  Muriate  of  potash, 30 

(^Dissolved  bone-black, .40 

(Dried  blood, 75 

Plot  3,  ^  Muriate  of  potash, 30 

(.Dissolved  bone-black, 40 

C  Sulfate  of  ammonia, 38 

Plot  4,^  Sulfate  of  potash, 30 

(^  Dissolved  bone-black, 40 

C  Nitrate  of  soda, 47 

Plot  5,^  Sulfate  of  potash, 30 

(^Dissolved  bone-black, 40 

(Dried  blood, 75 

Plot  6,  }  Sulfate  of  potash, 30 

^Dissolved  boue-black, 40 
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The  area  of  the  plots  is  about  one-eighth  of  an  acre  each. 
The  fertilizers  used  supply  at  the  rates  per  acre  :  phosphoric 
acid,  50.4  pounds  ;  nitrogen,  60  pounds  ;  potash,  120  pounds. 
For  purposes  of  comparison,  I  quote  from  my  last  annual 
report :  — 

Conclusions  based  on  Results  up  to  1897.     {Fertilizers  Alone.) 
The  chief  conclusions  which  seemed  justified  by  the  results  with 
fertilizers  alone  are  the  following  :  — 

1.  Sulfate  of  potash  iu  connection  with  nitrate  of  soda  (plot  5) 
has  generally  given  the  best  crop.  In  those  cases  where  this  has 
not  been  true,  the  inferiority  of  this  combination  has  usually  been 
small.  In  one  case  only  has  it  fallen  much  behind,  viz.,  with 
sweet  corn,  a  crop  which  makes  much  of  its  growth  in  the  latter 
part  of  the  season. 

2.  Nitrate  of  soda  (plots  2  and  5)  has  in  almost  every  instance 
proved  the  most  valuable  source  of  nitrogen,  whether  used  with 
the  muriate  or  the  sulfate  of  potash. 

3.  The  combination  of  sulfate  of  ammonia  and  muriate  of  pot- 
ash (plot  1)  has  in  every  instance  given  the  poorest  crop.  This 
fact  is  apparently  due,  as  Dr.  Goessmann  has  pointed  out,  to  an 
interchange  of  acids  and  bases  leading  to  the  formation  of  chloride 
of  ammonia,  which  injuriously  affects  growth. 

The  Experiment  in  1899. 

The  crops  on  each  plot  this  year  included  the  following : 
fruiting  strawberries,  celery  (following  the  strawberries), 
cabbages,  squashes,  spinach,  lettuce,  table  beets,  onions  and 
freshly  set  strawberries.  Both  manure  and  fertilizers  were 
spread  on  after  ploughing  this  spring  and  harrowed  in. 

Strawberries  :  —  The  vines  of  the  fruiting  beds  were  set 
in  the  spring  of  1898.  They  all  made  good  growth,  but 
were  somewhat  winter-killed,  apparently  because  covered 
rather  too  heavily.  The  injury  was  not  very  materially 
different  on  the  different  plots,  but  was  judged  to  have  been 
somewhat  most  serious  on  plots  0  and  2  and  least  on  plot  4. 
Picking  began  on  June  15  and  ended  on  July  12.  Plot  0 
(manure  alone)  much  exceeded  the  others  in  yield  of  ripe 
fruit  at  first,  and  in  aggregate  yield  was  excelled  by  but  two 
of  the  plots.  The  total  yields  in  pounds  per  plot  were  as 
follows:  plot  0,  126.6  pounds;  plot  1,  94.7  pounds;  plot 
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2,    96.6    pounds;    plot    3,    155.1    pounds;    plot    4,    172.3 
pounds;  plot  5,  108.1  pounds;  plot  6,  103.3  pounds. 

The  average  yields  in  pounds  produced  by  the  diflerent 
fertilizers*  were  :  — 


Manure  alone  (plotO), 

Average  of  manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Average  of  manure  and  sulfate  of  potash  (plots,  4,  5  and  6), 
Average  of  manure  and  sulfate  of  ammonia  (plots  1  and  4), 
Average  of  manure  and  nitrate  of  soda  (plots  2  and  5) ,    . 
Average  of  manure  and  dried  blood  (plots  3  and  6), 


126.6 
115.4 
128.8 
161.9 
102.3 
129.2 


It  will  be  noticed  that  but  two  of  the  combinations  of  fer- 
tilizers used  with  the  manure  excel  the  manure  alone,  viz., 
sulfate  of  ammonia  and  sulfate  of  potash,  and  dried  blood 
and  muriate  of  potash.  Nitrate  of  soda,  which  we  have  found 
the  best  source  of  nitrogen  for  most  crops,  makes  the  poor- 
est showing.  Between  the  muriate  and  sulfate  of  potash 
there  seems  to  be  no  clearly  defined  difference.  These  re- 
sults were  doubtless  in  part  determined  by  the  degree  of 
winter  injury. 

Celery. — This  crop  followed  the  strawberries  without 
extra  manuring.  The  share  of  the  stable  manure  belonging 
to  the  fruiting  strawberry  area  was,  however,  applied  when 
the  strawberry  vines  were  turned  in.  The  yields  of  the 
several  plots  in  pounds  were  as  follows  :  plot  0,  720.8  ;  plot 
1,  250 ;  plot  2,  550  ;  plot  3,  510  ;  plot  4,  190  ;  plot  5,  585  ; 
plot  6,  550. 

The  average  yields  in  pounds  produced  by  the  different 
fertilizers  were  :  — 


Manure  alone, ,        . 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Manure  and  sulfate  of  potash  (plots  4,  5  and  6),. 
Manure  and  sulfate  of  ammonia  (plots  1  and  4), 
Manure  and  nitrate  of  soda  (plots  2  and  5) , 
Manure  and  dried  blood  (plots  3  and  6), 


720.8 
436.7 
441.7 
220.0 
567.5 
530.0 


*  To  enable  the  reader  to  better  make  comparisons,  the  plots  are  characterized  as 
"  manure  and  muriate  of  potash,"  "  manure  and  sulfate  of  potash,"  etc.  It  should 
be  remembered  that  dissolved  bone-black  was  applied  to  all  except  plot  0,  and  that 
every  plot  except  plot  0  received  material  supplying  both  nitrogen  and  potash  as 
well  as  phosphoric  acid  in  addition  to  the  manure.  For  the  full  list  of  fertilizers 
applied  to  each  plot,  see  page  141. 
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It  will  be  noted  that  the  manure  alone  gave  much  the 
largest  crop.*  Discussion  as  to  the  effect  of  the  fertilizers, 
then,  hardly  seems  called  for.  It  is  not  without  interest, 
however,  to  note  that  the  crops  where  sulfate  of  ammonia 
was  employed  were  much  the  smallest  in  the  field.  The  re- 
sult last  year  was  similar  in  this  respect. 

Hanson  Lettuce.  —  In  harvesting  this  crop  the  heads  of 
market  size  were  cut  from  day  to  day.  The  total  yields 
per  plot  in  pounds  were  :  plot  0,  83.1 ;  plot  1,  54.75  ;  plot 
2,  129.25;  plot  3,  150.50;  plot  4,  88.5;  plot  5,  148;  plot 
6,  122.25. 

The  average  yields  in  pounds  on  the  different  fertilizers 
were  :  — 


Manure  alone  (plot  0), 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Manure  and  sulfate  of  potash  (plots  4,  5  and  6), . 
Manure  and  sulfate  of  ammonia  (plots  1  and  4), 
Manure  and  nitrate  of  soda  (plots  2  and  5), 
Manure  and  dried  blood  (plots  3  and  6) ,      . 


83.1 

111.5 
119.6 
71.6 
138.6 
136.4 


The  sulfate  of  potash  proves  somewhat  superior  to  the 
muriate  ;  but  the  most  marked  result  is  the  highly  unfavor- 
able influence  of  the  sulfate  of  ammonia.  This,  as  in  pre- 
vious years,  in  combination  with  the  muriate  of  potash  acts 
as  a  plant  poison. 

Spinach. — This,  like  the  lettuce,  was  cut  from  time  to 
time  as  it  became  ready  for  market.  The  yields  in  pounds 
of  the  several  plots  were  :  plot  0,  83.8  ;  plot  1,3;  plot  2, 
36.8  ;  plot  3,  46.5  ;  plot  4,  42  ;  plot  5,  75.25  ;  plot  6,  56.5. 

The  averages  on  the  several  fertilizers  in  pounds  were  :  — 


Manure  alone  (plot  0), 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Manure  and  sulfate  of  potash  (plots  4,  6  and  6) ,  . 
Manure  and  sulfate  of  ammonia  (plots  1  and  4),  . 
Manure  and  nitrate  of  soda  (plots  2  and  5),  . 
Manure  and  dried  blood  (plots  3  and  6) , 


83.8 
28.8 
57.9 
22.5 
56.0 
51.5 


It  is  noticeable  that  manure  alone  produces  a  considerably 
larger  crop  than  manure  with  any  combination  of  fertilizers. 

*  In  explanation  of  this  fact,  it  should  be  pointed  out  that  plot  0  previous  to  1898 
had  entirely  different  manuring  and  cropping  from  the  other  plots.  See  last  annual 
report.    It  is  not  believed  that  the  fertilizers  were  injurious,  as  a  rule. 
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The  most  marked  effect  is  the  injurious  influence  of  the  sul- 
fate of  ammonia. 

Onions. — The  yields  of  the  several  plots  are  shown  in 
the  table  :  — 


PLOTS. 


Well-cured 

Onions 
(Pounds). 


Well-formed 

Onions, 

but  not  cured 

(Pounds). 


Scallions 
(Pounds). 


Plot  0, 
Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 


1,334.5 
214.8 

1,174.0 
761.5 
632.7 

1,415.8 
929.3 


26.5 
108.5 

75.0 
184.0 
248.5 

81.0 
243.8 


13.0 
108.3 
24.0 
157.0 
93.0 
17.0 
79.8 


The  averages  on  the  several  fertilizers  were  :  — 


Merchantable 
(Pounds). 

Green 
(Pounds). 

1,334.5 

26.5 

716.8 

122.5 

992.6 

191.1 

423.7 

178.5 

1,294.9 

78.0 

845.4 

213.9 

Scallions 
(Pounds). 


Manure  alone  (plot  0) 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Manure  and  sulfate  of  potash  (plots  4,  5  and  6) ,  . 
Manure  and  sulfate  of  ammonia  (plots  1  and  4),  . 
Manure  and  nitrate  of  soda  (plots  2  and  5) ,  . 
Manure  and  dried  blood  (plots  3  and  6),        , 


13.0 
96.4 
63.3 

100.6 
20.5 

118.9 


It  becomes  evident  from  these  figures  (1)  that  none  of  the 
fertilizer  combinations  except  one  (nitrate  of  soda  and  sul- 
fate of  potash)  benefited  the  crop,  (2)  that  the  sulfate  is 
much  superior  to  the  muriate  as  a  source  of  potash,  and  (3) 
that  the  nitrate  of  soda  is  much  the  best  source  of  nitrogen. 

Table  Beets.  —  With  this  crop  the  manure  alone  gave  much 
the  best  yields,  and  the  several  fertilizer  combinations  failed 
to  produce  effects  sufficiently  marked  to  warrant  discussion. 
The  details,  therefore,  will  not  be  given. 

Oabhages.  — But  one  plot  in  this  crop  gave  a  yield  excel- 
ling the  manure  alone,  and  that  was  the  one  receiving,  in 
addition  to  manure,  sulfate  of  ammonia  and  muriate  of  pot- 
ash.    The  yields  in  hard  heads  in  pounds  were  as  follows  : 
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plot  0,  375.1  ;  plot  1,  420;  plot  2,  377.5;  plot  3,  337.5; 
plot  4,  347.5  ;  plot  5,  207.5  ;  plot  6,  320. 

The  averages  on  the  several  fertilizers  in  pounds  were  :  — 


Hard 
Heads. 


Soft 
Heads. 


Manure  alone  (plot  0), 

Manure  and  muriate  of  potash  (plots  1,  2  and  3), 
Manure  and  sulfate  of  potash  (plots  4,  5  and  6), 
Manure  and  sulfate  of  ammonia  (plots  1  and  4) , 
Manure  and  nitrate  of  soda  (plots  2  and  5), 
Manure  and  dried  blood  (plots  3  and  6) ,    . 


375.1 
378.3 
291.7 
383.7 
292.5 
328.6 


223.9 
29.2 
29.2 
12.5 
52.5 
22.5 


So  far  as  results  justify  conclusions,  it  would  seem  (1) 
that  the  muriate  shows  itself  superior  to  the  sulfate  of  pot- 
ash for  this  crop  when  used  with  stable  manure,  and  (2)  that 
the  sulfate  of  ammonia  is  the  best  source  of  nitrogen  for  it. 
That  the  sulfate  of  ammonia  should  prove  the  most  useful 
form  of  nitrogen  supply  with  a  crop  making  most  of  its 
growth  in  the  latter  part  of  the  season  we  have  before  ob- 
served.* 

In  other  experiments  with  cabbages  this  year,  where  fer- 
tilizers alone  were  used,  the  sulfate  of  potash  gave  much 
larger  yields  than  the  muriate. f  Here  this  is  reversed.  I 
have  at  present  no  explanation  to  offer  for  this  difference. 

Squashes.  —  This  crop  gave  much  the  best  yield  on  manure 
alone,  and  the  differences' apparently  produced  by  the  several 
fertilizers  are  not  significant.  The  sulfate  gives  larger  yields 
than  the  muriate  of  potash  in  every  case,  while  the  sulfate 
of  ammonia  makes  the  lowest  showing  among  the  fertilizers 
supplying  nitrogen.     The  details  will  not  be  given. 

Variety  Tests  with  Potatoes. 
The  number  of  varieties  tested  this  year  was  94.  The 
seed  used  was  all  of  our  own  raising.  It  was  produced 
under  conditions  similar  in  every  respect  and  had  been 
similarly  preserved.  Of  each  va;:iety,  with  a  few  exceptions 
later  noted,  80  sets  were  planted  at  the  distance  of  1  foot 


•  See  eleventh  annual  report. 


t  See  page  134. 
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in  drills  3  feet  apart.  One-half  of  these  were  harvested 
at  early  market  maturity  (August  1),  the  balance  at  full 
maturity  (September  22-23). 

The  soil  was  a  medium  loam,  in  mixed  grass  and  clover 
for  the  two  preceding  years.  It  received  an  application  of 
farm  manure  at  the  rate  of  about  5  cords  per  acre  on  the 
sod  early  this  spring,  and  was  then  ploughed.  The  fertil- 
izers used  in  pounds  per  acre  were  :  — 

Nitrate  of  soda,  . 240 

Acid  phosphate,        .        .        .        .        .        .        .        .  400 

Sulfate  of  potash  (high  grade) ,        .....  250 

Tankage, .  240 

Dried  blood, ,        .  100 


These  materials  were  thoroughly  mixed  and  scattered 
widely  in  the  open  furrow  before  dropping  the  seed.  The 
seed  potatoes  were  first  washed  and  then  treated  in  formalin 
solution  (8  ounces  to  15  gallons  water)  for  two  hours.  The 
tubers  were  budded  in  a  light  room  after  treatment.  The 
planting  was  done  May  4  and  5.  The  crop  was  well  cared 
for,  and  sprayed  six  times  with  Bordeaux  mixture,  to  pre- 
vent blight,  of  which,  however,  there  was  considerable. 
The  development  was  normal,  save  for  the  blight ;  and  the 
yields  and  quality  for  the  most  part  good.  There  was 'prac- 
tically no  scab. 

The  tables  give  data  for  the  earlier  and  the  latter  dig- 
gings :  — 

Variety  Test  Potatoes.     Record  to  Aug.  I,  1899. 


First 
Bloom. 

Blight 
begins. 

Amount  of 

Blight 
August  1.* 

TiBLD  AT  Rate  peb  Acre. 

VARIETY. 

Large,  Two 

Ounces 
(Bushels). 

Small 
(Bushels). 

Abundance,  . 

Acme,    . 

Algoma, 

American  Beauty, 

Arizona, 

Bartlett, 

Beauty  of  Hebron, 

June  23, 
June  23, 
June  28, 
June  17, 
June  17, 
June  28, 
June  19, 

July  22, 
July   19, 
July  22, 
July  22, 
July  18, 
July  24, 
July  24, 

Vie 

148.5 
244.0 
154.5 
200.0 
224.3 
181.8 
260.6 

24.3 
24.3 
40.9 
10.6 
51.5 
36.4 
40.9 

*  Fractions  indicate  proportion  of  foliage  destroyed. 
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Variety  Test  Potatoes,  etc.  —  Continued. 


Yield  at  Rate  per  Acre. 

VARIETY, 

First 
Bloom. 

Blight 
begins. 

Amount  of 

Blight 
August  1. 

Large,  Two 

Ounces 
(Bushels). 

Small 
(Bushels). 

Burpee's  Superior, 

June  23, 

July  22, 

Vs 

236.4 

39.4 

Burr's  No.  1,         .        .        . 

June  19, 

July  22, 

Vi 

262.1 

45.5 

Cambridge  Russet, 

June  23, 

July  18, 

u 

166.7 

24.3 

Carmen  No.  1,       .        .        . 

June  19, 

July  22, 

% 

295.5 

30.3 

Champion  of  the  "World,     . 

June  19, 

July  22, 

Vn 

206.1 

31.8 

Clay  Rose 

June  17, 

July   18, 

H 

239.4 

39.4 

Commercial, .... 

June  28, 

July  22, 

M 

209.1 

12.1 

Country  Gentleman,    . 

June  19, 

July  22, 

Vi 

251.5 

33.3 

Dakota  Red, .... 

June  30, 

July   18, 

Vz 

184.9 

27.3 

Dreer's  Standard, 

June  23, 

July  22, 

Vi 

272.8 

21.2 

Button's  Seedling, 

June  19, 

July  22, 

y% 

298.5 

36.4 

Early  Kansas, 

June  19, 

July  22, 

.    Vs 

298.5 

33.3 

Beauty  of  Hebron, 

June  19, 

July  24, 

Trace. 

287.9 

31.8 

Early  Minnesota,  . 

June  28, 

July  18, 

8/8 

190.9 

27.3 

Early  Roberts, 

June  19, 

July  22, 

% 

300.0 

63.6 

Early  Rochester,  . 

June  19, 

July  22, 

% 

230.3 

15.2 

Early  Rose,  .... 

June  19, 

July   18, 

Vl 

263.6 

51.5 

Early  Sunrise, 

June  19, 

July  18, 

Vx 

221.2 

51.5 

Extra  Early  Vermont, 

June  19, 

July   15, 

% 

266.7 

42.4 

Empire  State, 

June  28, 

July  22, 

% 

148.5 

24.3 

Enormous,    .... 

June  19, 

July  22, 

Vs 

275.8 

9.1 

Everett,          .... 

June  19, 

July  15, 

^2 

207.6 

45.5 

Fillbasket 

June  17, 

July  20, 

%8 

223.0 

51.5 

Garfield 

June  19, 

July  22, 

v% 

193.9 

33.3 

German  Queen,     . 

June  19, 

July  22, 

M 

213.7 

24.3 

Good  Times, 

July     6, 

July  29, 

Trace. 

151.5 

21.2 

Governor  Rusk,    . 

June  28, 

July  20, 

% 

236.4 

9.1 

Green  Mountain,  . 

June  23, 

July  24, 

Vs 

127.3 

18.2 

Howard 

/ 
Hurst 

June  19, 

July  24, 

Vs 

275.8 

33.3 

June  28, 

July  15, 

8/4 

- 

- 

Mill's  Longkeeper, 

June  23, 

July  20, 

M 

- 

- 

Irish  Cobbler, 

June  17, 

July  20, 

% 

260.6 

30.3 

Joseph, 

July     6, 

July  24, 

%* 

169.7 

28.8 

King  of  the  Earliest,    . 

- 

July  22, 

% 

265.2 

24.3 

King  of  Roses,     . 

June  19, 

July   22, 

Vi 

209.1 

54.6 

Lakeside  Champion,    . 

June  19, 

July  20, 

% 

245.5 

39.4 

*  Ripening. 
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Variety  Test  Potatoes,  etc.  —  Continued. 


Yield  at  Rate  per  Acre. 

VARIETY. 

First 
Bloom. 

Blight 
begins. 

Amount  of 

Blight 
August  1. 

Large,  Two 

Ounces 
(Bushels). 

Small 
(Bushels). 

Late  Puritan, 

June  23, 

July  24, 

Vs 

224.3 

48.5 

Lee's  Favorite, 

June  19, 

July  22, 

V* 

278.8 

47.0 

Leonard  Rose, 

June  19, 

July  20, 

% 

239.4 

42.4 

Lincoln,          .... 

June  19, 

July  29, 

Vs 

212.1 

37.9 

Maule's  Thoroughbred, 

June  19, 

July  22, 

%6 

260.6 

48.5 

Mayflower,    .... 

July  22, 

V4 

124.3 

42.4 

Mill's  Banner, 

June  23, 

July  29, 

Trace. 

112.1 

15.2 

MUl's  Prize,  .... 

June  28, 

July  22, 

Trace. 

154.5 

18.2 

Money  Maker, 

June  23, 

July  22, 

Vs 

145.5 

12.1 

Montana  Wonder, 

June  17, 

July  22, 

% 

260.6 

33.3 

New  Satisfaction, 

June  19, 

July  22, 

Vi 

190.9 

18.2 

Parker's  Market,  . 

June  23, 

July  22, 

V2 

218.2 

30.3 

Penn  Manor,. 

June  19, 

July   22, 

% 

284.9 

39.4 

Pingree,         .... 

June  23, 

July  22, 

y* 

190.9 

37.3 

Prince  Bismark,   . 

June  19, 

July  22, 

% 

269.7 

21.2 

Prize  Taker, 

June  23, 

July  22, 

V2 

244.0 

25.8 

Early  Potentate,   . 

- 

July  20, 

V2 

187.9 

30.3 

Pride  of  Michigan, 

June  19, 

July  22, 

M 

209.1 

50.0 

Prolific  Rose, 

June  19, 

July  22, 

Vs 

257.6 

51.5 

Quick  Crop 

June  19, 

July  22, 

Vs 

221.2 

54.6 

Reeve's  Rose, 

June  19, 

July  22, 

Vs 

187.9 

36.4 

Restaurant,   .... 

June  23, 

July  24, 

J^6 

212.1 

36.4 

Rochester  Rose,    . 

June  19, 

July  22, 

1/8 

212.1 

48.5 

Rose  of  Erin, 

June  28, 

July  22, 

Vi 

221.2 

9.1 

Rose  No.  9,   . 

June  28, 

July  22, 

Vs 

106.1 

53.0 

Secretary  Wilson, 

June  19, 

July  22, 

■  %* 

266.7 

60.6 

Seneca  Beauty, 

June  19, 

July   24, 

Vs 

209.1 

24.3 

Sir  Walter  Raleigh,     . 

July     6, 

July  29, 

Trace. 

148.5 

21.2 

Sir  William, . 

June  19, 

July  22, 

% 

181.8 

21.2 

Signal 

June  19, 

July  22, 

% 

251.5 

45.5 

Somerset,      .... 

- 

July  22, 

1/8 

169.7 

18.2 

State  of  Maine,     . 

June  19, 

July   24, 

Vs 

221.2 

24.3 

State  of  Wisconsin, 

June  19, 

July  22, 

Vs 

121.2 

37.3 

Table  King 

June  23, 

July  22, 

% 

230.3 

25.8 

Thorburn 

June  19, 

July  24, 

^'s 

218.2 

48.5 

Tonhocks 

June  23, 

July  22, 

Vs 

248.6 

37.9 

Ripening. 
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Variety  Test  Potatoes,  etc.  —  Continued. 


Yield  at  Rate  per  Acre. 

VARIETY. 

First 
Bloom. 

Blight 
begins. 

Amount  of 

Blight 
August  1. 

Large,  Two 

Ounces 
(Bushels). 

Small 
(Bushels). 

Uncle  Sam,    .... 

June  19, 

July  22, 

Vi 

293.9 

12.1 

Vanguard 

June  19, 

July  22, 

1/8 

277.6 

34.9 

Vick's  Perfection, 

June  19, 

July  22, 

Vs 

284.9 

39.4 

Victory,  P.  and  W.,     . 

June  19, 

July  22, 

We 

278.8 

36.4 

Vigorosa,       .... 

June  19, 

July  24, 

Vb 

294.0 

40.9 

Washington, 

June  23, 

July  24, 

ke 

240,9 

28.8 

White  Elephant,  . 

June  19, 

July  29, 

Via 

218.2 

31.4 

White  Ohio, .... 

June  23, 

July  22, 

Vi 

230.3 

24.3 

White  Peachblow, 

June  23, 

July  24, 

Via 

125.9 

42.4 

WiBconsin  Beauty, 

June  19, 

July  22, 

Vi 

251.5 

25.8 

Woodbury's  Wtite,     . 

June  23, 

July  22, 

Vie 

133.3 

31.8 

Early  Andees, 

June  23, 

July  22, 

Vi 

- 

- 

Early  Dawn, 

June  28, 

July  20, 

Vi 

- 

- 

Salzer's  Earliest,  . 

June  28, 

July  15, 

% 

- 

- 

Triumph,       .... 

June  28, 

July  15, 

1%6 

- 

- 

Variety  Test  Potatoes.     Final  Records. 


Ripening 
begins. 

Vines 
Dead. 

Yield  at  Rate  per  Acre, 
September  22  and  23. 

VARIETY. 

Large,  Two 
Ounces  or 

Above 
(Bushels). 

Small 
(Bushels). 

Abundance, 

. 

- 

Sept.    6, 

230.3 

21.2 

Acme,  . 

Aug.  12, 

Aug.  14, 

230.3 

18.2 

Algoma, 

Aug.  12, 

Aug.  24, 

200.0 

42.4 

American  Beauty, 

Aug.  12, 

Aug.  24, 

266.7 

12.1 

Arizona, 

Aug.  14, 

Aug.  24, 

236.4 

30.3 

Bartlett, 

- 

Sept.    5, 

330.0 

28.8 

Beauty  of  Hebron, 

Aug.  24, 

Sept.    5, 

342.5 

48.5 

Burpee's  Superior, 

- 

Sept.    5, 

266.7 

30.3 

Burr's  No.  1, 

Aug.  12, 

Aug.  29, 

351.5 

36.4 

Cambridge  Russet, 

Aug.  12, 

Aug.  24, 

233.4 

22.7 

Carmen  No.  1,     . 

Aug.  12, 

Aug.  24, 

287.9 

36.4 

Champion  of  the  World, 

Aug.  24, 

Sept.    5, 

269.7 

42.4 

Clay  Rose,  . 

Aug.  20, 

Aug.  30, 

281.8 

33.3 
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Variety  Test  Potatoes,  etc.  —  Continued. 


Ripening 
begins. 

Vines 
Dead. 

Yield  at  Rate  per  Ackb, 
September  22  and  23. 

VARIETY. 

Large,  Two 
Ounces  or 

Above 
(Bushels). 

Small 
(Bushels). 

Commercial, 

Aug.  14, 

Aug.  30, 

197.0 

3.0 

Country  Gentleman,  . 

Aug.  20, 

Aug.  30, 

315.2 

51.5' 

Dakota  Red, 

Aug.  19, 

Aug.  24, 

206.1 

18.2 

Dreer's  Standard, 

Aug.  20, 

Aug.  30, 

312.1 

18.2 

Button's  Seedling, 

Aug.  20, 

Aug.  30, 

363.7 

60.6 

Early  Kansas,     . 

Aug.  20, 

Aug.  30, 

330.3 

30.3 

Beauty  of  Hebron, 

Aug.  24, 

Sept.    5, 

393.9 

39.4 

Early  Minnesota, 

Aug.  20, 

Aug.  30, 

278.8 

12.1 

Early  Roberts,    . 

Aug.  12, 

Aug.  23, 

315.2 

64.5 

Early  Rochester, 

Aug.  28, 

Aug.  30, 

278.8 

21.2 

Early  Rose, 

Aug.  20, 

Aug.  30, 

351.5 

66.7 

Early  Sunrise,    . 

Aug.  20, 

Aug.  23, 

309.1 

75.8 

Extra  Early  Vermont 

Aug.  12, 

Aug.  23, 

327.3 

60.6 

Empire  State,     •. 

Aug.  12, 

Aug.  30, 

206.1 

24.3 

Enormous,  . 

Aug.  12, 

Aug.  30, 

397.0 

15.2 

Everett, 

Aug.  23, 

Aug.  30, 

215.2 

66.7 

Fillbasket,   . 

Aug   20, 

- 

416.2 

45.5 

Garfield,       . 

Aug.  20, 

Aug.  30, 

236.4 

30.3 

German  Queen,  . 

- 

Aug.  30, 

275.8 

36.4 

Good  Times, 

- 

- 

229.1 

27.3 

Governor  Rusk,  . 

Aug.  14, 

Aug.  23, 

275.8 

9.1 

Green  Mountain, 

- 

- 

242.5 

24.3 

Howard, 

Aug.  12, 

Aug.  30, 

403.1 

51.5 

Hurst,* 

- 

Aug.    8, 

193.7 

38.2 

Mill's  Longkeeper,t 

- 

Sept.    5, 

177.6 

46.7 

Irish  Cobbler, 

Aug.  12, 

- 

297.0 

45.5 

Joseph, 

Aug.  12, 

Aug.  30, 

260.6 

30.0 

King  of  the  Earliest, 

Aug.  12, 

Aug.  14, 

263.6 

51.5 

King  of  the  Roses, 

- 

- 

327.3 

54.5 

Lakeside  Champion, 

- 

Aug.  SO, 

254.6 

45.5 

Late  Puritan, 

Aug.  23, 

- 

336.4 

39.4 

Lee's  Favorite,    . 

Aug.  14, 

Aug.  24, 

290.9 

66.7 

Leonard  Rose,     . 

Aug.  22, 

Sept.    5, 

345.6 

57.6 

Lincoln, 

- 

Sept.    5, 

357.6 

30.3 

Maule's  Thoroughbred, 

Aug.  14, 

Sept.    5, 

321.2 

48.5 

Forty -one  hills. 


■f  Thirty-nine  hills. 
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Variety  Test  Potatoes,  etc.  —  Continued. 


Ripening 
begins. 

Vines 
Dead. 

Yield  at  Rate  per  Acre, 
September  22  and  23. 

VARIETY. 

Large,  Two 
Ounces  or 

Above 
(Bushels). 

Small 
(Bushels). 

Mayflower,  . 

- 

Sept.    5, 

218.2 

18.3 

Mill's  Banner,     . 

- 

Sept.    5, 

272.8 

10.6 

Mill's  Prize, 

- 

Sept.    5, 

290.9 

12.1 

Money  Maker,     . 

- 

Sept.    5, 

287.9 

21.2 

Montana  "Wonder, 

Aug.  12, 

Aug.  23, 

347.0 

66.7 

New  Satisfaction, 

Aug.  22, 

Sept.    5, 

297.0 

30.3 

Parker's  Market, 

Aug.  12, 

Aug.  23, 

234.9 

30.3 

Penn  Manor, 

Aug.  12, 

Aug.  23, 

339.4 

60.6 

Pingree, 

Aug.  20, 

Aug.  30, 

303.0 

24.3 

Prince  Bismark, 

Aug.  12, 

Aug.  23, 

275.8 

60.6 

Prize  Taker, 

Aug.  14, 

Sept.    5, 

275.8 

13.6 

Early  Potentate, 

- 

Aug.  23, 

230.3 

36.4 

Pride  of  Michigan, 

Aug.  12, 

Aug.  23, 

303.0 

60.6 

Prolific  Rose,      . 

Aug.  14, 

Aug.  30, 

351.5 

97.0 

Quick  Crop, 

Aug.  23, 

Aug.  30, 

309.1 

66.7 

Reeve's  Rose,      . 

Aug.  2.'}, 

Sept.    5, 

345.5 

54.6 

Restaurant, 

- 

Sept.    5, 

339.4 

78.8 

Rochester  Rose, 

Aug.  14, 

Sept.    5, 

303.0 

72.7 

Rose  of  Erin, 

Aug.  14, 

Aug.  20, 

254.6 

6.1 

Rose  No.  9, 

Aug.  23, 

Aug.  30, 

236.4 

34.9 

Secretary  Wilson, 

Aug.  12, 

Aug.  23, 

290.9 

64.6 

Seneca  Beauty,   . 

- 

Sept.    5, 

345.5 

60.6 

Sir  "Walter  Raleigh, 

Aug.  23, 

Sept.    5, 

260.6 

18.2 

Sir  William, 

Aug.  14, 

Sept.    5, 

309.1 

30.3 

Signal,  . 

- 

Aug.  23, 

284.9 

54.6 

Somerset,    . 

- 

Sept.    5, 

278.8 

18.2 

State  of  Maine,    . 

Aug.  23, 

Sept.    5, 

333.4 

27.3 

State  of  Wisconsin, 

- 

Sept.    5, 

272.8 

15.2 

Table  King, 

Aug.  23, 

Sept.    5, 

300.0 

27.3 

Thorburn,    . 

Aug.  12, 

Aug.  24, 

357  6 

48.5 

Tonhocke,    . 

Aug.  23, 

Sept.    5, 

327.3 

57.6 

"Uncle  Sam,  . 

Aug.  23, 

Sept.    5, 

330.3 

36.4 

Vanguard,   . 

- 

- 

381.8 

69.7 

Vick's  Perfection, 

Aug.  12, 

Aug.  30, 

306.1 

63.6 

Victory,  P.  and  W., 

Aug.  23, 

Aug.  30, 

321.2 

48.5 
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Variety  Test  Potatoes., 

etc.  — 

Concluded. 

Ripening 
begins. 

Vines 
Dead. 

Yield  at  Rate  per  Acre, 
September  22  and  23. 

VARIETY. 

Large,  Two 
Ounces  or 

Above 
(Bushels). 

Small 
(Bushels). 

Vlgorosa,     . 

Aug.  23, 

Aug.  30, 

336.4 

48.5 

Washington, 

Aug.  23, 

Sept.    5, 

404.6 

22.7 

White  Elephant, 

Aug.  23, 

Sept.    5, 

406.1 

63.6 

White  Ohio, 

Aug.  12, 

Aug.  14, 

272.8 

48.5 

White  Peachblow, 

Aug.  14, 

Aug.  30, 

321.2 

60.6 

Wisconsin  Beauty, 

Aug.  12, 

Aug.  23, 

257.6 

48.5 

Woodbury's  White, 

Aug.  23, 

Sept.    5, 

318.2 

33.3 

Early  Andees,*  . 

Aug.  10, 

Aug.  14, 

609.1 

84.9 

Early  Dawn,* 

Aug.     8, 

Aug.  12, 

609.1 

72.7 

Salzers'  Earliest,* 

- 

Aug.    8, 

434.4 

36.4 

Triumph,*  . 

- 

Aug.    6, 

460.7 

72.7 

*  20  hills  only  grown. 

Thirty-six  varieties  produce  a  yield  of  55  pounds  or  over 
of  large  potatoes  from  forty  hills  when  mature,  this  yield 
being  at  the  rate  of  about  333  bushels  per  acre.  These 
varieties  are  the  following:  Burr's  No.  1,  351.5;  Button's 
Seedling,  363.7  ;  Beauty  of  Hebron,  393.9  ;  Early  Eose, 
351.5;  Enormous,  397  ;  Fillbasket,  416.2  ;  Howard,  403.1 ; 
Late  Puritan,  336.4  ;  Leonard  Kose,  345.6  ;  Lincoln,  357.6  ; 
Montana  Wonder,  347  ;  Penn  Manor,  339.4  ;  Prolific  Rose, 
351.5 ;  Reeve's  Rose,  345.5 ;  Restaurant,  339.4 ;  Seneca 
Beauty,  345.5;  State  of  Maine,  333.4 ;  Thorburn,  357.6; 
Vanguard,  381.8;  Vigorosa,  339.4;  Washington,  404.6; 
White  Elephant,  406.1;  Early  Andees,*  509.1;  Early 
Dawn,*  509.1 ;  Salzer's  Earliest,*  434.4  ;  Triumph,*  460.7. 

Eleven  of  these  varieties  o-ave  at  the  earlier  diffffins:  40 
pounds  or  over  of  large  potatoes,  which  is  at  the  rate  of 
about  240  bushels  per  acre.  These  varieties  are  :  Burr's 
No.  1,  262.1  ;  Button's  Seedling,  298.5  ;  Beauty  of  Hebron, 
287.9;  Early  Rose,  263.6;  Enormous,  275.8;  Howard, 
275.8  ;  Montana  Wonder,  260.6  ;  Penn  Manor,  284.9  ;  Pro- 
lific Rose,  257.6;  Vanguard,  277.6;  Vigorosa,  294. 


*  Quantity  grown  less  than  40  sets . 
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There  were  besides  19  other  varieties  giving  the  same  or 
higher  yield  at  the  earlier  digging.  These  varieties  are  : 
Carmen  No.  1,  295.5;  Country  Gentleman,  251.5;  Dreer's 
Standard,  272.8;  Early  Kansas,  298.5;  Early  Eoberts, 
300;  Early  Vermont,  266.7;  Irish  Cobbler,  260.6;  King 
of  the  Earliest,  265.2;  Lakeside  Champion,  245.5;  Lee's 
Favorite,  278.8  ;  Maule's  Thoroughbred,  260.6  ;  Prince  Bis- 
marck, 269.7  ;  Prize  Taker,  244  ;  Secretary  Wilson,  266.7  ; 
Signal,  251.5;  Tonhocks,  248.5;  Vick's  Perfection,  284.9; 
Victory,  P.  and  W.,  278.8;  Wisconsin  Beauty,  251.5. 

It  will  he  noticed  that  the  old  Beauty  of  Hebron  and  Early 
Rose  are  found  in  hoth  lists,  thus  ranJcing  still  among  the  most 
productive  sorts,  whether  for  early  or  late  harvest. 

There  is  surely  no  lack  of  good  varieties  of  potatoes  to 
choose  from,  and  between  many  there  can  be  but  little  dif- 
ference in  value.  A  single  test  does  not  warrant  general 
conclusions.  Good  northern-grown  seed  is  in  my  opinion 
of  more  importance  than  name.  It  is,  however,  evident  that 
there  are  a  few  varieties  on  our  list  which  seem  unworthy  of 
further  trial.  Among  varieties  which  have  made  good  yields 
three  or  more  years  may  be  mentioned  :  Beauty  of  Hebron, 
Dutton's  Seedling,  Early  Eose,  Enormous,  Fillbasket,  Pro- 
lific Rose,  Restaurant,  State  of  Maine,  Thorburn,  Vanguard 
and  White  Elephant. 

Experiments  in  manuring  Grass  Lands. 

The  system  of  using  wood  ashes,  ground  bone  and  muriate 
of  potash,  and  manure  in  rotation  upon  grass  land  has  been 
continued.  We  have  three  large  plots  (between  two  and 
one-half  and  four  acres  each)  under  this  treatment.  Under 
this  system  each  plot  receives  wood  ashes  at  the  rate  of  1 
ton  per  acre  one  year ;  the  next  year,  ground  bone  600 
pounds  and  muriate  of  potash  200  pounds  per  acre ;  and 
the  third  year,  manure  at  the  rate  of  8  tons.  The  system 
is  so  planned  that  each  year  we  have  one  plot  under  each 
manuring.  The  manure  is  always  applied  in  the  fall,  the 
other  materials  early  in  the  spring,  —  this  year  April  21 
and  22. 

Plot  1,  which  this  year  received  barn-yard  manure,  ap- 
plied Nov.  16,  1898,  gave  a  yield  at  the  rate  of  2.095  tons 
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of  hay  and  0.5  ton  of  rowen  per  acre;  plot  2,  which  re- 
ceived bone  and  potash,  yielded  2.289  tons  of  hay  and  0.479 
ton  of  rowen;  plot  3,  which  received  ashes  this  year, 
yielded  1.58  tons  of  hay  and  0.33  ton  of  rowen  per  acre. 
The  field  has  now  been  eleven  years  in  grass,  and  during  the 
continuance  of  the  present  system  of  manuring  (since  1893) 
has  produced  an  average  product  (hay  and  rowen  both  in- 
cluded) at  the  rate  of  6,630  pounds  per  acre.  The  plots 
when  dressed  with  manure  have  averaged  7,027  pounds 
per  acre;  when  receiving  bone  and  potash,  6,568  pounds 
per  acre  ;  and  when  receiving  wood  ashes,  6,294  pounds  per 
acre. 

Poultry  Experiments. 

In  experiments  completed  since  our  last  annual  report 
our  attention  has  been  confined  exclusively  to  one  point, 
viz.,  the  comparison  of  a  wide  nutritive  ration  with  a  nar- 
row ration  for  egg-production ;  or,  in  other  words,  of  a 
ration  in  which  corn  meal  and  corn  were  prominent  with 
one  in  which  these  feeds  were  replaced  with  more  nitrog- 
enous foods,  such  as  wheat  middlings,  wheat  and  oats. 
So  much  greater  is  the  cost  of  wheat  than  that  of  corn,  that 
it  seemed  desirable  to  obtain  as  much  evidence  bearing  upon 
their  relative  value  for  egg-production  as  possible  at  an  early 
day.  If  the  latter  grain  should,  on  further  trial,  prove  so 
much  superior  to  wheat  as  our  experiments  in  1898  indi- 
cated, the  knowledge  of  the  fact  must  prove  of  enormous 
value.  Accordingly,  we  reared  on  the  scattered  colony  plan 
well-bred  pullets  of  the  White  Wyandotte,  Black  Minorca 
and  Barred  Plymouth  Rock  breeds,  planning  to  have  two 
houses  (one  on  each  feed)  with  twenty  fowls  each  of  each 
breed.  In  introducing  purchased  cockerels  for  breeding 
purposes  late  in  the  winter  we  unfortunately  carried  con- 
tagion, and  an  obscure  form  of  what  is  commonly  called 
roup  broke  out  in  such  aggravated  form  among  the  Black 
Minorcas,  that,  fearing  infection  of  the  fowls  in  other  houses, 
we  killed  all  the  Minorcas.  The  test  with  this  breed  was 
not,  therefore,  at  all  conclusive,  and  details  will  not  be  pub- 
lished. Up  to  the  time  the  test  was  closed,  however,  the 
corn-fed  Minorcas  had  laid  about  fifty  per  cent,  more  eggs 
than  the  others. 
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General  Conditions. 

The  pullets  were  first  evenly  divided  into  lots  of  twenty 
each,  being  matched  in  sets  of  two  as  closely  as  possible. 
Each  lot  occupied  a  detached  house,  including  laying  and 
roosting  room  ten  by  twelve  feet  and  scratching  shed  eight 
by  twelve  feet,  with  the  run  of  large  yards  of  equal  size 
whenever  weather  permitted.  The  winter  tests  began  Oc- 
tober 15  and  ended  April  22.  The  hens  were  all  marked 
with  leg  bands,  as  a  precautionary  measure  for  the  purpose 
of  identification  in  the  case  of  accidental  mixture  of  fowls. 

All  the  meals  and  the  cut  clover  were  given  in  the  form 
of  a  mash,  fed  early  in  the  morning.  At  noon  a  little  millet 
was  scattered  in  the  straw  with  which  the  scratching  sheds 
were  littered.  At  night  the  balance  of  the  whole  grain  was 
fed  (also  by  scattering  in  the  straw)  one  hour  before  dark. 
The  fowls  were  given  what  whole  grain  they  would  eat  up 
clean.  Water,  shells  and  artificial  grit  were  kept  before  the 
fowls  at  all  times.  About  twice  a  week  a  small  cabbage 
was  given  to  each  lot  of  fowls,  this,  like  all  other  food,  being 
weighed.  The  eggs  from  each  lot  were  weighed  weekly. 
The  fowls  were  all  weighed  at  intervals  of  about  two  months. 
Sitters  were  confined  in  a  coop  until  broken  up,  being  mean- 
while fed  like  their  mates. 

The  prices  per  hundred  weight  for  foods,  upon  which 
financial  calculations  are  based,  are  shown  below  :  — 


Wheat,     . 

.      $1  60 

Oats, 

1  00 

Millet,      . 

1  00 

Wheat  bran,    . 

85 

Wheat  middlings. 

. 

85 

Gluten  feed,     . 

90 

Animal  meal,  . 

1  75 

Cut  clover  rowen. 

1  50 

Cabbage, 

25 

Corn  meal. 

90 

Corn, 

90 

Narrow  v.  Wide  Ration  for  Egg-production. 
The  experiments  were  in  one  sense  continuous,  as  the  same 
fowls  were  used  throughout ;  but  it  is  deemed  best  to  report 
the  results  obtained  during  the  cooler  months  and  those  of 
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the  warmer  months  separately,  one  being  denominated  the 
winter  experiment,  the  other  the  summer  experiment.  These 
experiments  have  for  their  object  testing  the  correctness  of 
the  generally  accepted  view  that  the  laying  fowl  should 
receive  feeds  very  rich  in  nitrogenous  constituents  {i.e., 
should  have  rations  with  a  narrow  nutritive  ratio).  During 
the  tests  of  the  past  year  corn  has  been  much  more  largely 
used  than  in  1898.  Then  it  replaced  about  one-half  of  the 
oats  and  wheat  usually  fed  at  night ;  this  year  the  fowls  on 
the  wide  ration  received  at  night  only  corn.  The  fowls  on 
both  rations  have  received  cut  clover  and  animal  meal  in 
equal  proportions. 

The  health  of  the  fowls  on  both  rations  has  been  uniformly 
good  through  both  the  winter  and  summer  experiments.  As 
last  year,  however,  it  is  found  to  require  the  exercise  of 
more  care  to  avoid  overfeeding  and  loss  of  appetite  among 
the  corn-fed  hens. 

Winter  Experiment, 
This  experiment,  as  has  been  earlier  stated,  began  October 
25.  This  was  much  too  early  to  make  possible  the  showing 
of  a  good  record  for  total  eggs,  since  the  pullets  did  not 
begin  to  lay  to  any  extent  until  January.  The  facts  that 
they  had  been  at  large  until  the  experiment  began,  after 
which  they  were  closely  confined,  and  that,  as  will  be  re- 
membered, November  and  December  were  very  cold  and 
stormy,  perhaps  in  large  measure  account  for  this.  All 
details  necessary  to  a  full  understanding  of  the  experiments 
and  the  results,  it  is  believed,  will  be  found  in  the  tables  :  — 

Foods  consumed,  Narrow  v.  Wide  Ration,  October  25  to  April  27. 


White  Wyandotte. 

Barred  Plymouth  Rock 

KIND   OF  FOOD. 

Narrow 

Wide 

Narrow 

Wide 

Ration 

Ration 

Ration 

Ration 

(Pounds). 

(Pounds). 

(Pounds). 

(Pounds). 

Wheat,         ...... 

333.00 

333.00 

Oats,     . 

55.00 

_ 

60.00 

_ 

Millet,  . 

57.00 

56.00 

57.50 

58.00 

Wheat  bran. 

42.11 

42.00 

41.30 

42.00 

Wheat  middlingB, 

42.11 

_ 

41.30 

Gluten  feed, 

42.11 

_ 

41.30 

_ 

Animal  meal, 

42.11 

42.00 

41.30 

42.00 

Cut  clover  rowen, 

40.07 

40.00 

37.80 

40.00 

Corn  meal,  . 

_ 

111.00 

_ 

111.00 

Corn,     . 

- 

408.50 

_ 

436.00 

Cabbage, 

152.38 

145.63 

152.63 

190.75 
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Average  Weights  of  the  Foivls  (Pounds) . 


White  Wyandotte. 

Babred  Plymouth  Rock. 

DATES. 

Narrow 
Ration. 

Wide 
Ration. 

Narrow 
Ration. 

Wide 
Ration. 

October  25, 

4.3 

4.3 

4.9+ 

4.9 

January  3, 

4.6+ 

5.0+ 

5.1 

5.6— 

Marcli  17, 

4.6— 

4.7+ 

5.4— 

5.4+ 

April  27 

4.5— 

4.3- 

4.9— 

4.9+ 

Number  of  Eggs  per  Mont 

h,  Narrow  v.  Wide  Ration^  Winter  Test. 

White  Wyandotte. 

Baerbd  Plymouth  Rock. 

MONTHS. 

Narrow 
Ration. 

Wide 
Ration. 

Narrow 
Ration. 

Wide 
Ration. 

October 

- 

6 

11 

7 

November 

1 

7 

18 

44 

December, 

9 

33 

38 

44 

January 

50 

193 

27 

83 

February, 

169 

228 

57 

194 

March, 

213 

177 

121 

216 

April, 

179 

199 

112 

168 

611 

843 

384 

755 

NarroiD  v.  Wide  Ration  for  Egg-production,  Winter  Test. 


White 
Wyandotte. 

Babred  Plymouth 
Rock. 

Narrow 
Ration. 

Wide 
Ration. 

Narrow 
Ration. 

Wide 
Ration. 

Total  dry  matter  in  foods  (pounds),    . 

604.47 

635.97 

603.13 

661.52 

Number  of  hen  days,  not  including  males. 

3,560 

3,560 

3,424 

3,554 

Number  of  hen  days,  including  males. 

3,622 

3,622 

3,548 

3,678 

Gross  cost  of  food 

$9  26 

$7  30 

$9  25 

$7  68 

Gross  cost  of  food  per  egg  (cents). 

1.50 

.90  — 

2.41 

1.02 

Gross  cost  of  food  per  hen  day  (cents). 

.26  — 

.20+ 

.26 

.21 

Number  of  eggs  per  hen  day, 

.17  + 

.24  — 

.11  + 

.21  + 

Average  weight  per  egg  (ounces) , 

1.91  — 

1.82  + 

1.76 

2.09 

Total  weight  of  eggs  (pounds),    . 

72.90 

95.90  — 

48.24 

98.62 

Dry  matter  consumed  per  egg  (pounds') , 

.99  — 

.75  + 

1.57 

.88 

Nutritive  ratio,* 

1:4.80  — 

1:6.30 

1:4.80 

1:6.30 

„„nr.    *!,,>   ir. 

*o1     „it..«™ 

*  The  term  nutritive  ratio  is  used  to  designate  the  ratio  existing  between  the  total  nitrog- 
enous and  the  non-nitrogenous  constituents  of  the  feeds  used,  the  former  being  regarded 
as  a  unit,  and  fat  multiplied  by  2.5. 
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Summer  Experiment. 
The  method  of  feeding  during  the  summer  experiment 
remained  the  same  as  in  the  winter,  save  in  two  particulars  : 
(1)  in  place  of  cut  clover  rowen  in  the  mash  every  morning, 
lawn  clippings  in  such  quantity  as  the  fowls  would  eat  before 
wilting  were  fed  three  times  per  week  to  the  hens  in  all  the 
houses  the  same,  and  (2)  the  feeding  of  cabbages  was  dis- 
continued. The  yards,  twelve  hundred  square  feet  in  area 
for  each  house,  were  kept  fresh  by  frequent  use  of  the  cul- 
tivator and  spade.  The  health  of  all  the  fowls  was  good 
throughout  this  experiment.     The  tables  give  all  details  :  — 

Foods  consumed,  Narrow  v.  Wide  Ration,  May  1  to  September  27. 


KIND   OF  FOOD. 


Wheat, 
OatB,    . 
Millet,  . 
Wheat  hran. 
Wheat  middlings. 
Gluten  feed, 
Meat  meal,  . 
Corn  meal,  . 
Corn,    . 


White  Wtandottb. 


Narrow 

Ration 

(Pounds). 


273 
59 
10 
56 
56 
56 
66 


Wide 

Ration 

(Pounds). 


49 
129.5 


Babbbd  Pltmouth  Rock. 


Narrow 

Ration 

(Pounds). 


237 
52. 
8 
40 
40 
40 
40 


Wide 

Ration 

(Pounds.) 


42 
111 
300 


Average  Weights  of  the  Foivls  {Pounds) . 


White  Wyandotte. 

Barked  Plymouth  Rock. 

DATES. 

Narrow 
Ration. 

Wide 
Ration. 

Narrow 
Ration. 

Wide 
Ration. 

April  27 

June  2, 

August  11,  . 

September  27 

4.50 
4.14— 
4.28 
4.53 

4.30- 
4.41  + 
4.68 -f 
4.79 

4.90  — 
4.86 
4.88 
4.70 

4.90 
4.80 
4.88 
4.91 

Number  of  Eggs  per  Month,  Narrow  v.  Wide  Ration,  Summer  Test. 


MONTHS. 


May 

June 

July,     .        .        .        . 

August, 

September  (27  days) , 


White  Wyandotte. 


Narrow 
Ration. 


162 
140 
164 
158 
107 

731 


Wide 
Ration. 


181 
198 
213 
213 
110 


Bakred  Plymouth  Rock. 


Narrow 

Wide 

Ration. 

Ration. 

124 

177 

156 

217 

140 

215 

112 

128 

87 

76 

813 


160 


HATCH   EXPERIMENT   STATION.         [Jan. 


Narroio  v.  Wide  Ration  for  Egg-production.,  Summer  Test. 


White 
Wyandotte. 

Barbed  Plymouth 
Rock. 

Narrow 
Ration. 

Wide 
Ration. 

Narrow 
Ration. 

Wide 
Ration. 

Total  dry  matter  in  foods  (per  cent.),  . 
Number  of  hen  days,  not  including  males. 
Number  of  hen  days,  including  males. 

Gross  cost  of  food, 

Gross  cost  of  food  per  egg  (cents) , 
Gross  cost  of  food  per  hen  day  (cents), 
Number  of  eggs  per  hen  day, 
Average  weight  per  egg  (ounces). 
Total  weight  of  eggs  (pounds),    . 
Dry  matter  consumed  per  egg  (pounds) , 
Nutritive  ratio,* 

510.41 

2,945 

3,245 

$7  50 

1.03 

.23 

.25  — 

1.88 

85.89 

.70 

1:4.20 

534.22 

2,913 

3,213 

$5  86 

.64 

.18  + 

.31  + 

1.90 

108.70 

.58 

1:6.30 

412.44 

2,400 

2,573 

$6  14 

1.00 

.24 

.26  — 

1.82 

70.40 

.67 

1:4.40 

446.35 

2,555 

2,735 

$4  91 

.60 

.18 

.32  — 

1.77 

89.94 

.55 

1:6.30 

*  The  term  nutritive  ratio  is  used  to  designate  the  ratio  existing  between  the  total  nitrog- 
enous and  the  total  non-nitrogenous  constituents  of  the  feeds  used,  the  former  being 
regarded  as  a  unit,  and  fat  multiplied  by  2.5. 

It  will  be  seen  that  the  results  of  this  year's  experiments 
are  in  every  particular  similar  to  those  of  the  experiments 
carried  out  in  1898. 

The  following  are  the  most  essential  facts  :  — 

1.  The  wide  (rich  in  corn)  ration  appears  to  be  much 
superior  to  the  narrower  ration.  In  all  experiments,  both 
summer  and  winter,  the  hens  receiving  corn  have  laid  many 
more  eggs  than  those  receiving  wheat. 

2.  The  differences  this  year  in  favor  of  the  wide  ration, 
upon  the  basis  of  an  equal  number  of  hen  days,  are  as  fol- 
lows :  — 


White  Wyandotte,  winter  test, 
White  Wyandotte,  summer  test, 
Barred  Plymouth  Rock,  winter  test, . 
Barred  Plymouth  Rock,  summer  test, 
Last  year  the  winter  difference  was 
Last  year  the  summer  difference  was 


41  per  cent. 

24  per  cent. 
91  per  cent. 
23  per  cent. 

25  per  cent. 
33^  per  cent. 


3.  The  total  cost  of  feeds  was  less  for  the  wide  ration, 
and  of  course  the  cost  per  e,gg  was  much  less.  In  the  pro- 
duction of  one  dozen  eggs  the  saving  amounted  to  from  4| 
to  16|  cents. 

4.  The  fowls  on  the  wide  ration  gained  more  in  weight 
than  the  others.  Although  laying  many  more  eggs,  they 
averaged  at  the  end  of  the  summer  test  nearly  one-quarter 
of  a  pound  each  more  than  the  others. 
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At  the  close  of  the  summer  experiment  the  fowls  were 
most  critically  examined  by  a  number  of  different  parties, 
working  independently,  and  all  were  unanimous  in  the  con- 
clusion that  the  corn-fed  hens  were  farther  advanced  in  the 
moult  than  the  others.  In  my  own  opinion,  the  difference 
amounted  to  some  two  or  three  weeks  in  time.  The  corn- 
fed  hens  had  shed  all  their  old  tail  feathers,  the  others  but 
few ;  the  corn-fed  hens  had  a  large  share  of  their  new  body 
feathers,  the  others  had  not  shed  the  old.  It  was  evident 
that  the  corn-fed  hens  were  sure  to  begin  laying  again  before 
the  cold  weather,  while  it  seemed  that  the  others  were  un- 
likely to  do  so.  This  judgment  has  been  verified,  for  a  small 
number  of  the  corn-fed  hens  which  were  purchased  by  the 
writer  have  already  laid  one  litter  of  eggs  since  October  1 
and  are  beginning  to  lay  a  second,  their  plumage  having 
been  perfect  for  many  weeks  (December  20). 

The  great  importance  of  an  early  moult  in  case  hens  are 
to  be  kept  over  is  recognized  by  all.  It  makes  all  the  dif- 
ference between  profit  and  a  probable  loss. 

Our  results  with  both  breeds,  both  summer  and  winter, 
are  thus  greatly  in  favor  of  the  ration  richer  in  corn  meal 
and  corn.  On  its  side  we  have:  (1)  lower  cost  of  feed; 
(2)  from  23  to  91  per  cent,  more  eggs  ;  (3)  a  far  lower  cost 
per  egg,  making  possible  a  saving  of  from  4|  to  16 1  cents 
per  dozen  in  the  food  cost  of  their  production  ;  (4)  a  greater 
increase  in  weight ;  and  (5)  a  much  earlier  moult. 

It  may  here  be  remarked,  using  the  words  employed  by 
the  writer  in  a  recent  article,  "  that  nature  is  generall}^  a 
safe  guide ;  '  Biddy,'  kept  healthy  and  vigorous,  will  take 
corn  always  in  preference  to  wheat.  Man  conceived  the 
idea  that  wheat  is  better  for  large  egg-production.  He  has 
been  endeavoring  to  convince  the  hen  that  she  doesn't  know 
what  is  good  for  her  ;  and  now  it  seems  that,  after  all,  her 
instinct  and  not  his  supposedly  scientific  reasoning  has  been 
right." 

The  writer  is  aware  that  under  different  conditions  other 
results  might  follow.  It  is  here  particularly  pointed  out 
that  our  fowls  are  given  plenty  of  space  and  fresh  air,  and 
that  they  are  made  to  scratch  vigorously  for  their  whole 
grain. 
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EEPORT   OF   THE   BOTAKISTS. 


G.   E.   STONE,   R.    E.    SMITH. 


The  work  of  this  division  has  gone  on  steadily  during  the 
past  year,  having  been  almost  entirely  along  the  line  of 
vegetable  physiology  and  pathology.  A  large  amount  of 
correspondence  has  been  carried  on,  along  with  the  work  of 
investigation.  A  considerable  part  of  the  work  has  been  in 
connection  with  the  growing  of  green-house  crops,  as  in  past 
years,  lettuce,  cucumbers  and  tomatoes  receiving  especial 
attention.  The  investigations  outlined  in  our  last  report 
have  been  continued,  and  results  obtained  which  in  several 
cases  are  nearly  ready  for  publication.  The  only  entirely 
new  subject  of  importance  which  has  been  taken  up  is  that 
of  aster  diseases,  which  is  referred  to  more  fully  later  in  this 
report.  A  bulletin  on  "  The  asparagus  rust  in  Massachu- 
setts "  has  been  issued,  containing  the  results  of  the  inves- 
tigation of  this  subject  up  to  1899.  A  further  consideration 
of  the  same  subject  will  be  found  in  the  present  report. 

Aster  Diseases. 
General  complaint  has  been  made  of  late  years  in  all  parts 
of  the  country  of  the  trouble  in  growing  asters,  and  at  pres- 
ent more  or  less  complete  failure  is  almost  universal.  We 
have  therefore  commenced  an  investigation  of  this  subject, 
with  a  view  to  ascertaining  the  exact  nature  of  the  trouble, 
and  what  may  be  done  to  prevent  it.  A  large  number  of 
asters  were  grown  during  the  past  season,  and,  with  the 
experience  already  gained,  it  is  planned  to  grow  many  more 
next  year,  under  various  conditions  which  have  suggested 
themselves  as  bearing  on  the  trouble.     Some  valuable  in- 
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formation  has  already  been  obtained,  and  it  is  lioped  that 
another  season's  experience  will  atford  considerable  insight 
into  the  difficulties  which  now  bid  fair  to  prevent  the  raising 
of  this  popular  and  valuable  flower. 

Some  Prevalent  Diseases  of  the  Year. 
The  following  are  some  rather  uncommon  diseases  which 
have  been  unusually  prevalent  during  the  past  season  :  — 

The  Bacterial  Cucumber   Wilt. 

In  our  last  report  we  gave  an  account  of  a  wilting  of 
cucumber  leaves,  due  to  purely  physiological  causes.  A 
disease  of  the  same  plant,  and  having  a  very  similar  effect, 
but  caused  by  bacteria,  is  well  known,  and  appeared  in  this 
vicinity  in  out-of-door  cucumbers  this  year.  In  this  case 
the  bacteria  which  cause  the  trouble  develop  mostly  in  the 
ducts  of  the  stem  and  leaf  petioles,  multiplying  rapidly,  and 
causing  a  stoppage  of  the  flow  of  sap  and  hence  a  wilting  of 
the  leaves.  The  organisms  can  be  readily  seen,  oozing  out 
in  little  drops  from  the  cut  ends  of  affected  parts.  Pure 
cultures  may  be  easily  obtained  from  these  drops. 

No  remedy  can  be  given  as  yet  for  this  disease,  other  than 
the  removal  and  burning  of  affected  plants. 

A  Geranium  Disease. 
In  our  annual  report  for  1897  we  described  a  leaf-spot 
disease  of  the  cultivated  geranium  (Pelargonium),  which 
was  thought  to  be  caused  by  bacteria.  It  appeared  at  that 
time  in  a  very  wet  season,  and  seemed  more  a  result  of 
the  abnormal  conditions  than  a  true  disease.  The  same 
trouble  has  been  abundant  during  the  past  season,  however, 
and  appears  to  be  a  dangerous  enemy  to  the  growth  of  this 
plant.  It  causes  small  yellow  and  dead  spots  in  the  leaves, 
so  that  they  fall  off,  and  the  plant  becomes  nearly  denuded 
in  the  worst  cases.  Examination  showed,  as  before,  that 
the  dead  spots  are  full  of  bacteria,  and  no  other  organisms 
could  be  found,  the  former  appearing  to  be  the  cause  of  the 
disease.     Attempts  were  made  to  isolate  the  organisms,  but 
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thus  far  without  success  ;  apparently  it  does  not  flourish 
under  ordinary  culture  methods  and  conditions.  Neverthe- 
less, we  have  here,  to  all  appearances,  a  genuine  bacterial 
disease. 

No  remedy  can  be  given  for  this  trouble,  beyond  good 
cultivation  and  the  production  of  vigorous  plants.  Cases 
have  been  seen  where  affected  plants  lost  most  of  their  leaves 
and  produced  a  new  crop,  the  latter  more  or  less  diseased, 
but  still  sufficient  to  present  a  fairly  good  appearance.  The 
use  of  fungicides  has  no  apparent  value  in  such  a  case  as  this. 

Muskmelon  Failures. 
Much  complaint  has  been  heard  during  the  past  season  in 
this  and  other  States  of  trouble  with  muskmelons.  In  our 
last  report  we  described  a  disease  of  this  plant  caused  by  a 
fungus  (^AUernaria) .  The  disease  appeared  again  this  year 
in  the  same  and  other  places,  and  some  weeks  earlier  than 
before,  so  that  spraying  experiments  which  we  had  planned 
were  begun  too  late  to  be  of  value.  Besides  this  disease, 
the  common  anthracnose  {GoUeiotrichumlagenarium  (Pass.) 
E.  &  H.)  has  been  abundant,  and  very  destructive  both  on 
muskmelons  and  watermelons.  We  saw  one  field  of  water- 
melons of  unusually  fine  appearance  completely  ruined  by 
this  disease  within  a  week.  The  stems  and  fruit  were  the 
parts  most  afiected.  There  is  every  reason  to  believe  that 
the  Bordeaux  mixture  can  be  used  with  profit  in  these  cases  ; 
but  our  experience  this  year  has  shown  that  if  the  treatment 
is  not  begun  by  July  1  or  earlier,  before  any  sign  of  disease 
has  appeared,  it  will  be  entirely  useless. 

The  Maple  Leaf  Blight.  {Phyllosticta  acericola  G.  &  E.) 
This  disease,  which  affects  several  species  of  maple,  has 
been  known  for  some  time,  but  has  been  much  more  abun- 
dant than  usual  during  the  past  season.  We  have  received 
it  on  sugar  maple  from  several  difierent  parties.  Large  dead 
spots  are  produced  in  the  leaves,  which  become  curled  and 
distorted,  losing  all  beauty.  Beyond  this  the  actual  injury 
to  the  tree  is  probably  in  most  cases  very  slight. 
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The  Chrysanthemum  Rust. 
This  disease,  which  we  first  reported  in  1897,  appears  to 
be  on  the  decline  in  Massachusetts.     It  has  been  quite  com- 
mon the  past  season  in  various  places,  but  in  most  cases  has 
caused  no  apparent  damage. 

Some   Experiments   in   growing  Yiolets   in   Sterilized 

Soil. 

Some  experiments  have  been  made  this  last  year  with 
violets,  for  the  purpose  of  determining  the  relation  be- 
tween the  production  of  flowers  and  the  occurrence  of  leaf 
spots  in  sterilized  and  unsterilized  soil  respectively.  For 
this  purpose  cuttings  were  made  in  the  spring  from  mature 
plants  and  put  into  sterilized  sand,  aftei*  which  they  were 
transplanted  into  sterilized  soil  and  removed  out  of  doors, 
where  they  remained  during  the  summer.  In  the  fall  they 
were  transferred  to  the  house  and  planted  in  a  bed  divided 
equally  into  two  sections,  each  of  which  consisted  of  garden 
soil  of  good  quality.  One  section  of  the  bed  was  sterilized 
and  the  other  section  was  not,  and,  in  addition  to  this,  the 
latter  was  inoculated  with  the  parasitic  nematode  Heierodera. 
It  should  be  stated,  however,  that  the  nematodes  were  not 
abundant  enough  in  the  inoculated  soil  to  do  any  harm,  as 
the  bed  was  inoculated  some  time  previous  to  setting  out 
the  violet  plants,  and,  as  no  host  plants  were  present,  they 
died,  or  at  least  they  did  not  gain  any  foothold  upon  the 
violets.  The  experiment  is  therefore  largely  one  between 
sterilized  and  unsterilized  soils. 

Sterilizing  the  soil  alone  gives  rise  to  beneficial  results  in 
the  growth  of  a  crop,  a  fact  which  we  have  already  called 
attention  to  in  Bulletin  55,  issued  from  this  station,  and 
various  experiments  on  diflferent  crops  since  has  demon- 
strated the  same  thing. 

Both  of  the  beds  were  under  tolerably  equal  conditions, 
at  least  so  far  as  light  and  moisture  were  concerned ;  but  a 
ventilator  made  some  difierence  in  the  growth  of  a  few  plants 
in  each  section.  The  total  number  of  plants  employed  in 
this  experiment  was  fifty-four,  and  were  of  the  variety  known 
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as  the  Schcenbrun,  which  is  not  especially  noted  as  a  flower 
producer. 

The  following  table    shows   the   results    of  the    experi- 
ment :  — 


Table  showing  the  Monthly  Production  of  Violets  in  Sterilized  and 
Unsterilized  Soil. 


DATE. 


November,  . 
December,  . 
January, 
February,    . 
March, . 
April,  . 

Total,    . 

Average, 


NuMBEB  OP  Blossoms  picked. 


Unsterilized 
Soil. 


19 
62 
55 
39 
144 
482 


801 
133 


Sterilized 
Soil. 


38 
101 
125 

72 
250 
510 


1,096 
182 


Percentage 

of 

Gain. 


100 
63 

127 

84 

73 

5 


The  results  in  the  preceding  table  show  a  considerable 
increase  in  the  production  of  blossoms  as  a  result  of  sterili- 
zing the  soil.  The  percentage  of  gain  of  the  sterilized  plat 
over  that  in  the  unsterilized  was  36.  It  will  be  observed 
also  that  the  gain  in  flower  production  in  general  was  most 
marked  during  the  first  half  of  the  experiment,  and  the 
flower  production  falls  off"  in  the  sterilized  earths  in  the 
succeeding  months,  until  in  April,  when  the  experiment 
was  discontinued,  the  gain  was  only  5  per  cent,  over  that 
of  the  unsterilized.  The  maximum  occurred  during  the 
third  month  (January),  although  this  might  not  occur  in 
every  instance,  as  a  large  number  of  experiments  would 
probably  modify  these  results. 

Observations  were  made  in  regard  to  the  number  of  leaf 
spots  in  the  two  plats,  with  the  result  that  the  sterilized 
plats  gave  the  smallest  number,  hence  showing  that  vigor- 
ous plants  are  less  susceptible  to  fungi. 

The  methods  employed  in  sterilizing  the  soil  were  the 
same  as  those  described  on  page  54  in  Bulletin  55,  from 
this  station. 

In  regard  to  the  practice  of  sterilizing  soil  for  the  purpose 
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of  growing  plants,  we  will  state  that,  while  there  is  no  doubt 
as  to  the  beneficial  results  obtained  by  sterilizing  the  same 
soil  for  two  or  three  crops,  it  does  not  necessarily  follow 
that  soil  will  repeatedly  stand  this  treatment  and  give  good 
crops. 

Within  the  last  year  sterilized  soil  has  been  recommended 
for  home  culture  purposes,  and  those  who  use  it  claim  to 
have  obtained  superior  results. 


The  Relationship  existing  between  the  Asparagus  Eust 
AND  the  Physical  Properties  of  the  Soil. 

The  past  season  has  been  most  favorable  to  the  outbreak 
of  the  asparagus  rust,  which  has  manifested  itself  in  a  severe 
manner  in  the  same  localities  where  it  has  occurred  during 
the  last  few  years.  The  unusually  dry  spring  enabled  us  to 
predict  to  asparagus  growers  the  probable  occurrence  of  the 
rust  for  last  summer ;  and,  as  the  rust  has  usually  shown 
itself  the  season  following  an  outbreak,  regardless  of  the 
weather  conditions,  we  may  expect  to  encounter  the  same 
next  summer  (1900),  at  least  in  those  beds  which  were 
badly  affected  and  weakened  from  the  attacks  of  1899.  We 
have  endeavored  to  point  out  in  Bulletin  61,  issued  from 
this  station,  the  relationship  existing  between  dry  seasons 
and  the  occurrence  of  the  summer  or  injurious  stage  of  the 
rust,  and  also  the  susceptibility  of  plants  growing  in  locali- 
ties possessing  soil  with  little  water-retaining  properties. 
Our  observations  and  experiments  during  the  past  season 
have  not  led  us  to  reverse  any  of  the  conclusions  set  forth 
in  this  bulletin,  but,  on  the  other  hand,  we  are  more  strongly 
convinced  of  their  validity.  These  conclusions  are  based 
upon  an  extensive  study  of  the  localities  affected,  and  the 
object  of  the  present  article  is  to  call  attention  to  additional 
data  relating  to  the  distribution  of  the  rust  in  Massachusetts, 
and  the  relationship  existing  between  the  outbreak  of  the 
rust  and  the  rainfall,  together  with  the  physical  properties 
of  the  soil.  For  the  past  three  seasons  we  have  paid  atten- 
tion to  the  distribution  of  the  rust  in  Massachusetts,  although 
the  regions  infected  during  the  past  summer  (1899)  scarcely 
differ  from  those  infected  during  previous  years. 
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Attention  was  first  called  to  the  asparagus  rust  in  the  fall 
of  1896.     During  1897,  although  an  extremely  wet  season, 
the  damage  by  the  rust  was  severe.     Its  occurrence  during 
this  season,  however,  was  merely  an  after-effect,  the  primary 
cause  being  due  to  the  injury  caused  by  the  preceding  dry 
seasons.     In  1898  the  summer  stage  of  the  rust  was  scarcely 
perceptible ;  while  in  1899  (the  past  season)  the  rust  was 
severe,  on  account  of  the  want  of  soil  moisture.*     The  fall 
stage  of  the  rust  (black  or  teleuto  spore  stage),  which  is, 
according  to  our  estimation,  a  harmless  stage,  and  not  worth 
paying  much  attention  to,  has  been  universally  distributed 
over  the  State  since  1896.     There  has,  however,  been  some 
tendency  for  it  to  become  less  common  during  the  last  two 
years.     This    stage   usually  occurs  during  September  and 
October,  about  the  time  when  the  asparagus   plants    first 
commence  to  lose  their  green  color  and  turn  yellow,  the 
appearance  of  this  stage  being  associated  with  the  disinte- 
gration and  death  of  the  plant.     The  summer  stage  of  the 
rust  (red  or  uredo  stage),  which  is  in  every  instance  an  in- 
jurious stage,  occurs  during  July  and  August.     It  occurs 
about  July  11,  or  later,  on  beds  from  which  a  crop  has  been 
marketed,  and  spreads  very  rapidly  with  the  wind,  as  is 
evident  by  those  sides  of  the  asparagus  plant  being  first  in- 
fected which  correspond  with  the  prevailing  direction  of  the 
wind.     We  have  no  data  as  to  any  earlier  appearance  of  the 
rust  on  young  plants  which  have  not  been  cut  for  the  mar- 
ket, and  it  would  not  be  at  all  improbable  that  they  become 
infected  earlier  than  July  11.     The  summer  stage  of  the 
rust,  however,  is  limited  in  its  distribution  in  Massachusetts, 
and  is  found  only  on  those  soils  which  are  sandy,  and  pos- 
sess little  water-retaining  properties.     The  sand  increases 
as  we  approach  the  sea-coast,  and  the  soils  which  support 
asparagus  plants  afiected  with  the  red  rust  are  found  with 
some  local  exceptions  in  the  eastern  part  of  the  State. 

The  summer  stage  of  the  rust  has  never  been  observed  by 
us,  nor  has  it  been  reported  (with  one  exception,  which  we 
will  refer  to  later,  and  which  is  local)  any  further  west  than 
the  towns  of  Berlin  and  Northbo rough,  which  are  east  of  the 

*  The  amount  of  rainfall  from  April  1  to  September  1  in  1899,  at  Amherst,  was 
14.09  inches ;  that  for  the  same  period  in  1898  wag  23.97  inches. 
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meridian  71°  40'.  (See  map.)  These  towns  would  appear 
to  be  on  the  border  zone  of  the  uredo  spore  outbreak,  and 
the  occurrence  of  the  rust  here  is  by  no  means  so  universal 
as  it  is  in  the  sandier  region  of  Cape  Cod.  Some  of  the 
growers  situated  upon  the  border  zones  of  infection  may 
have  the  summer  stage  badly  one  season  and  the  next  season 
be  free  from  it.  The  soil  of  this  region  offers  sufficient  dif- 
ferences  in  texture  from  the  more  sandy  coast  soils,  so  that 
sound,  vigorous  plants  might  be  expected  to  be  proof 
against  the  rust  in  any  season,  and  the  outbreak  here  might 
be  largely  prevented  by  careful  cultivation  and  feeding  of 
the  plants. 

An  examination  of  the  map  (fig.  1)  will  show  those  por- 
tions of  Massachusetts  in  which  the  summer  stage  of  aspara- 
gus rust  has  appeared  up  to  the  present  time.  The  only 
region  infested  with  this  stage  of  the  rust  in  Massachusetts 
west  of  the  meridian  71°  40'  is  in  the  Connecticut  valley,  in 
the  vicinity  of  Montague,  where  the  soil  is  remarkably  sandy 
and  dry,  while  other  portions  of  the  Connecticut  valley 
which  possess  more  or  less  heavier  soil  have  been  entirely 
free  from  this  stage.  The  affected  area  shown  on  the  map 
is  characterized  by  a  loose  sandy  soil,  which  possesses  less 
water-retaining  properties  in  most  instances  than  the  soils 
of  their  immediate  vicinity.  In  order,  however,  to  show 
more  definitely  the  differences  existing  between  the  texture 
of  the  soils  of  the  eastern  part  of  the  State  and  those  of 
the  central  and  western  parts,  we  have  made  a  number  of 
mechanical  analyses  of  the  soils  of  various  regions,  which 
include  many  from  the  infected  asparagus  fields.  Any  one 
who  has  paid  special  attention  to  our  Massachusetts  soils 
and  their  influence  upon  the  development  of  plants  would 
not  require  a  mechanical  analysis  in  order  to  become  con- 
vinced of  the  differences  existing  between  them,  as  a  glance 
at  the  soils  in  the  field  would  be  sufficient.  Nevertheless, 
a  mechanical  analysis  will  show  us  the  exact  differences  ex- 
isting between  the  textures  of  the  soil  of  the  various  regions, 
and  we  will  moreover  be  able  to  demonstrate  the  amount  of 
difference  exhibited  in  their  water-retaining  capacity.  The 
following  table  gives  the  data  of  the  mechanical  analysis* 

*  The  methods  of  analysis  employed  are  those  of  Prof.  Milton  Whitney. 
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of  ten  typical  surface  soils  from  various  parts  of  the  State 
between  the  Cape  and  the  New  York  State  line  :  — 

Table  I.  — •  Showing  the  Mechanical  Analyses  *  of  Ten  Massachu- 
setts Soils,  extending  from  Cape  Cod  to  Weste7-n  Massachusetts. 
—  Average  Percentage  of  Organic  Matter,  Gravel,  Sand,  Silt 
and  Clay  in  20  Grams  of  Soil. 

[Diameter  of  the  grains  in  millimetres  (1  millimetre  equals  about  %5  inch)  :  gravel, 
2-1 ;  coarse  sand,  1-.5;  medium  sand,  .5-. 25;  fine  sand,  .25-.  1 ;  very  fine  sand, 
.l-,05;  silt,  .05-. 01;  fine  silt,  .01-. 005;  clay,  .005-. 0001.] 
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Orleans 

1.82 

2.20 

20.97 

31.03 

19.70 

12.26 

6.26 

2.77 

1.46 

1.37 

Bridgewater, 

1.86 

2.10 

17.92 

28.80 

18.85 

5.80 

19.15 

2.85 

1.34 

.66 

Eastham,    . 

1.66 

2.00 

9.38 

27.91 

25.09 

21.43 

8.70 

1.40 

.77 

1.43 

Concord,     . 

1.66 

4.19 

4.24 

10.20 

12.81 

27.93 

34.11 

1.84 

1.73 

1.08 

Attleborough, 

8.13 

7.64 

9.26 

11.15 

7.87 

11.53 

29.50 

10.95 

2.51 

1.42 

Worcester, 

3.00 

9.40 

1.65 

2.80 

4.25 

19.85 

42.95 

4.50 

2.95 

2.75 

Spencer,     . 

3.40 

9.80 

2.70 

4.55 

7.30 

22.35 

29.60 

6.65 

2.45 

3.25 

Montague,  . 

.90 

1.S6 

.27 

4.39 

19.85 

43.88 

25.75 

2.63 

.36 

.27 

Amherst,    . 

2.98 

7.31 

.95 

1.25 

1.72 

7.28 

66.19 

6.96 

<1.33 

4.13 

Pittsfield,  . 

9.50 

11.25 

5.50 

5.95 

5.02 

13.87 

36.15 

6.45 

.87 

5.40 

*  Analyzed  by  A.  A.  Harmon  and  Asa  8.  Kinney. 

The  first  six  soils  represent  typical  samples  taken  from 
affected  fields  in  locations  where  the  summer  stage  of  the  rust 
has  always  been  present  since  its  occurrence  in  Massachusetts, 
and  in  most  instances  where  it  has  been  severe.  The  other 
samples  are  from  towns  which  have  not  shown  the  summer 
stage  of  the  rust,  but  in  which  the  fall  stage  has  occurred. 
All  of  the  samples  are  so-called  surface  soils,  and  represent 
single  analyses.  Except  in  the  Amherst  soils  they  represent 
an  average  of  four  analyses,  while  in  the  Pittsfield  there  is 
an  average  of  two.  A  careful  examination  of  the  table  will 
show  considerable  difference  in  the  texture  of  the  soils  of  the 
various  regions.  It  will  be  observed  that  the  coarse  elements 
are  much  more  common  in  the  coast  soils  than  in  the  inland 
soils,  and  conversely  that  the  fine  elements  are  greatly  in- 
creased in  the  inland  soils. 
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In  order  to  obtain  a  better  idea  of  the  relative  amounts  of 
the  various  constituents  found  in  the  different  soils,  we  can 
arrano;e  them  as  in  Table  II.,  in  which  the  average  constitu- 
ents  contained  in  the  four  coast  soils  are  shown  alongside  of 
four  inland  soils  which  are  characteristic  of  the  central  and 
western  regions  of  Massachusetts.  The  four  coast  soils 
represent  badly  infested  regions,  while  the  four  inland  soils 
represent  those  in  which  only  the  fall  stage  has  occurred. 

Table  II.  — Average  Percentage  of  Organic  Matter,  Gravel,  Sand, 
Silt  and  Clay  in  Orleans,  Eastham,  Concord  and  Bridgewater 
(Coast  Soils),  and  Worcester,  Spencer,  Amherst  and  Pittsfield 
(Inland  Soils) . 
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Pour  coast  soils,  .... 

2.62 

13.12 

24.48 

19.11 

16.85 

16.80 

2.21 

1.32 

1.13 

Four  inland  soils, 

9.44 

2.70 

2.63 

4.57 

15.83 

18.72 

6.14 

1.90 

3.88 

The  largest  amount  of  gravel  as  shown  by  the  table  is  in 
the  Orleans  soil  from  Cape  Cod,  which  is  20.97  per  cent.  ; 
the  average  for  the  whole  is  13.12  per  cent.,  against  2.70 
per  cent,  for  the  inland  soils.  What  holds  true  in  regard  to 
the  gravel  is  also  true  when  we  consider  the  coarse  sand, 
where  the  proportion  is  24.48  per  cent,  in  the  coast  soil,  to 
2.63  per  cent,  in  the  inland  soils ;  while  in  the  medium  sand 
it  is  19.11  per  cent,  to  4.57  per  cent.  Only  slight  differences 
are  shown  in  the  proportion  of  fine  and  very  fine  sand  between 
the  two  regions,  although  the  coast  soils  are  ahead  in  the  for- 
mer and  the  inland  in  the  latter ;  whereas  in  both  of  the  silts 
and  clay  the  largest  amounts  are  found  in  the  inland  soils. 
If  we  turn  to  the  organic  matter,  we  find  that  it  is  also  more 
abundant  in  the  inland  soil  than  it  is  in  the  coast  soil.  This 
difference  is  partly  accounted  for  by  the  fact  that  some  of  the 
samples  of  inland  soil  represent  highly  manured  soils,  adapted 
to  intensive  cultivation.  Even  making;  allowances  for  this 
fact,  the  organic  matter  would  seem  higher  in  the  inland  soils 
than  in  the  coast  soils,  inasmuch  as  various  samples  of  soil 
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taken  from  inland  localities  which  were  not  manured  gave  an 
average  of  about  6  per  cent.,  or  about  three  times  as  much 
as  that  shown  by  the  coast  soils.  This  is  not  true,  however, 
of  the  coast  soils  such  as  are  used  for  general  truck  farming,  — 
as  in  the  case  of  Arlington,  for  example,  —  in  which  instance 
we  would  find  the  percentage  of  organic  matter  quite  large. 
The  amount  of  water  in  the  soils  differs  also,  which  is  caused 
by  the  analyses  of  some  of  the  samples  being  taken  at  difler- 
ent  times,  and  from  not  being  subject  to  the  same  air-drying 
conditions.  It  will  also  be  noticed  that  the  Attleborough 
soil  contains  an  unusually  large  amount  of  silt, — a  feature 
which  seems  to  be  peculiar  to  that  soil  alone.  As  a  rule,  the 
inland  soils  contain  a  very  large  amount  of  very  fine  sand, 
and  this  appears  to  be  especially  characteristic  of  the  Con- 
necticut valley  soils.  Some  analyses  which  we  have  made 
show  that  this  soil  sometimes  possesses  as  much  as  75  per 
cent,  of  this  constituent.  It  is  the  excessive  amounts  of  this 
constituent  of  the  soil  which  renders  the  Amherst  soil  com- 
pact, and  which  gives  to  it  an  increased  water-retaining 
capacity.  The  clay,  however,  shows  a  gradual  increase  as 
we  pass  inward,  and  in  a  less  uniform  manner  is  this  exhibited 
by  the  silt,  which  can  be  seen  by  examining  Table  IH. 


Table  III.  —  Showing   the  Percentage  of  Gravel-Sand,  Silt  and 
Clay  in  the  Soils  shown  in  Table  I. 


SAMPLE, 

Orleans, 

Bridgewater, 

Eastham, 

Concord, 

Attleborough, 

Worcester,  . 

Spencer, 

Montague,    . 

Anoherst, 

Pittsfield,      . 


Gravel-Sand. 


Silt. 


Clay. 


90.22 

4.23 

1.37 

90.52 

4.16 

1.13 

92.51 

2.17 

1.43 

89.. 35 

3.57 

1.08 

69.39 

13.46 

1.42 

71.50 

7.46 

2.75 

66.50 

9.10 

3.25 

94.15 

2.99 

.27 

77.39 

8.29 

•     4.13 

66.49 

7.32 

5.40 

There  are  inland  soils  which  contain  considerable  amounts 
of  sand,  such  as  the  Connecticut  valley  soils,  for  example. 
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thus  offering  exception  in  this  respect  to  the  surrounding 
localities.  The  Montague  soil  is  one  of  these,  and  it  will  be 
noticed  by  examining  Table  III.  that  the  percentage  of  sand 
is  very  high  in  this.  It  is  not,  however,  the  coarser  varieties 
but  the  finer  which  predominate,  thus  differing  widely  from 
the  sandy  soil  of  Cape  Cod.  Notwithstanding  this  variation, 
a  large  number  of  analyses  show  that  the  clay  appears  to  fol- 
low, as  a  rule,  what  might  be  termed  a  normal  amount  for 
each  particular  region.  It  is  therefore  interesting  to  note  in 
this  connection  that  the  increase  of  clay  as  we  pass  inward  is 
fully  as  characteristic  and  uniform  in  the  Massachusetts  soils 
as  is  the  decrease  of  the  sand.  The  differences  existing  be- 
tween the  texture  of  the  coast  and  inland  soils  are  sufficient 
to  exert  considerable  influence  upon  the  growth  of  plants. 
This  difference  is  equally  perceptible,  whether  we  see  the 
soils  in  the  field  or  in  a  table  showing  their  analyses. 

Having  paid  some  attention  to  the  physical  properties  of  a 
few  of  our  State  soils,  and  their  effect  upon  plant  develop- 
ment, we  are  able  to  ascertain  approximately  from  a  mechani- 
cal analysis  the  characteristic  properties  of  the  constituents, 
and  what  effect  they  exert  upon  the  development  of  certain 
crops.  As  a  rule,  we  can  divide  the  various  constituents 
directly  in  the  middle ;  that  is,  we  can  consider  the  four 
coarser  elements  and  the  four  finer  constituents  by  themselves. 
Such  an  arrangement  of  the  soils  is  shown  in  Table  IV. 


Table  IV.  —  Showing  Soils  as  in  Table  /.,  arranged  according  to 
the  Percentages  of  Gravel  and  Coarse^  Medium  and  Fine  Sand, 
the  Very  Fine  Sand,  Silt  and  Clay  being  omitted. 


Orleans,  . 

83.96 

Attleborough, 

39.81 

Eastham, 

83.81 

Spencer,  . 

36.90 

Bridgewater,  . 

71.37 

Pittsfield, 

30.34 

Montague, 

68.39 

Worcester, 

28.55 

Concord, . 

55.18 

Amherst, 

11.20 

If,  for  example,  a  soil  is  rather  low  in  the   constituents 
represented  by  the  gravel  and  coarse,  medium  and  fine  sand. 
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and  correspondingly  high  in  the  remaining  constituents,  then 
we  possess  a  soil  which  is  characteristic  of  the  inland  types, 
and  will  pack  down  very  closely  when  wet.  If,  however, 
the  reverse  of  this  is  true,  we  find  a  loose,  pliable  soil,  such 
as  is  found  on  the  coast,  which  is  easily  worked  and  espe- 
cially adapted  for  truck  farming.  The  latter  soil  will  not 
retain  much  water,  it  quickly  dries  out ;  while  the  former  or 
inland  soil  will  retain  considerable  water  for  a  long  time, 
inasmuch  as  the  resistance  and  relative  amount  of  water 
maintained  by  difierent  soils  depends  upon  the  volume  of 
space  in  the  soil  for  the  water  to  enter,  which  in  turn  depends 
upon  the  number  of  grains  of  sand,  silt  and  clay.  In  sandy 
soils  the  space  is  not  divided  up  as  much  as  in  a  clay  soil ; 
the  grains  of  sand  being  larger,  the  spaces  between  the  grains 
are  also  larger,  there  is  less  friction,  and  the  water  moves 
downward  more  quickly.  The  order  of  arrangement  of  the 
soils  in  Table  IV.  (which  is  that  relative  to  the  coarse  material 
they  contain)  follows  very  closely  the  water-retaining  capacity 
of  the  soils,  as  we  shall  see  when  we  come  to  Table  V. 

These  are  in  part  the  principal  differences  existing  between 
the  coast  and  inland  soil,  with  now  and  then  an  exception ; 
and  the  outbreak  of  the  summer  or  injurious  stage  of  the 
asparagus  rust  is  always  characteristic  of  those  soils  which 
are  sandy  and  porous,  and  consequently  possess  little  water- 
retaining  capacity,  whether  they  are  located  near  the  coast 
or  inland.  It  should,  however,  be  borne  in  mind  that  it  is 
not  the  percentage  of  coarse  and  fine  material  alone  which  is 
responsible  for  the  character  of  a  soil,  but  the  shape  and  ar- 
rangement of  its  particles  exert  an  influence  upon  it.  Then, 
again,  the  organic  matter,  the  depth  of  the  soil  and  the  nature 
of  the  sub-soil,  as  is  well  known,  are  important  when  the 
question  of  moisture  and  dryness  is  concerned.  We  have 
already  pointed  out  that  the  four  soils  from  the  coast  contain 
less  organic  matter  than  those  from  inland  soils,  and  this  fact 
holds  good  for  the  Montague  sample  also.  If  these  soils 
were  richer  in  organic  matter,  their  water-retaining  proper- 
ties would  be  increased,  and  they  would  become  less  suscep- 
tible to  the  rust. 

In  order  to  test  the  water-retaining  properties  of  some  of 
these  samples  of  soil,   we  subjected  them  to  the  following 
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treatment.     Three  hundred  grams  of  the  air-dried  soils  were 

taken  and  put  into  a  cylinder  three  inches  wide  and  six  inches 

high,  with  a  perforated  bottom,  over  which  there  was  placed 

a  layer  of  filter  paper.     The  cans  containing  the  soil  were 

then  weighed,  after  which  the  samples  were  liberally  treated 

with  water  until  they  contained  all  that  was  possible  for  them 

to  hold.     The  cylinders  were  then  set  aside,  and  after  the 

w^ater  had  stopped  dripping  they  were  again  weighed,  and 

the  additional  weight  which  was  due  to  the  amount  of  water 

applied  was  noted.     This  represented  the  amount  of  water 

which  the  soils  could  retain.     Other  air-dried  samples  of  the 

same  soil  were  heated  in  an  oven  to  perfect  dryness,  and  by 

this  means  the  amount  of  hygroscopic  water  was  obtained  for 

each.     This,  being  added  to  the  amount  of  water  retained, 

gave  the  total  water  capacity  of  the  soil ;  and,  dividing  this 

sum  by  the  weight  of  water-free  soil,  which  was  obtained  by 

subtracting   the  hygroscopic  water  from  the  original  three 

hundred  grams,  we  obtain  the  percentage  of  water  which  each 

soil  is  capable  of  retaining ;  or,  in  other  words, 

Water  retained  +  Hygroscopic  water       ^     /?      -         .   • 

— — — - — ! — /-s — £ =  %  or  water-retam- 

W  ater-rree  soil 

ing  capacity. 

The  following  table  gives  the  results  of  these  experiments 

in  the  order  of  water-retaining  capacity  :  — 


Table  V.  —  Showing  the  Retentivity  of  Soil  Moistures  in  Order  of 
Relaining  Capacity. 


SAMPLE. 

Water 
retained 
(Grama). 

Hygroscopie 

Water 

(Grams). 

Weight  of 

Water-free 

Soil  (Grams). 

Percentage 
of  Water 
retained. 

Orleans, 

103.0 

2.10 

297.90 

35.28 

Bridgewater, 

99.5 

.66 

299.34 

37.13 

Eastham, 

115.9 

.78 

299.22 

38.99 

Montague,    . 

144.8 

.90 

299.10 

48.71 

Concord, 

145.3 

2.76 

297.24 

49.81 

Attleborough, 

168.9 

4.20 

295.80 

58.52 

Amherst,     . 

200.6 

2.82 

297.18 

68.45 

As  might  be  expected,  the  coast  soils  show  the  smallest 
percentage  of  water- retain  ing  capacity,  and  this  percentage 
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increases  as  we  pass  inland  to  the  heavier  soils,  as  would 
naturally  follow.  The  smallest  percentage  is  shown  by  the 
soils  from  Cape  Cod,  where  there  is  a  considerable  amount 
of  coarse  material  and  small  amounts  of  fine  material ;  while 
the  largest  percentage  is  given  by  the  Amherst  soil,  which 
contains  a  larger  amount  of  fine  material  and  a  less  amount 
of  coarse  material  than  the  coast  soils.  The  Amherst  soils 
show  68.45  per  cent,  water-retaining  capacity,  against  35.28 
per  cent,  for  the  Orleans;  or,  in  other  words,  the  Amherst 
soil  possesses  nearly  twice  the  water-retaining  capacity  of  the 
Orleans  soil.  Only  two  determinations  were  made  of  the 
water-retaining  properties  of  the  soil  west  of  Worcester,  one 
being  at  Montague,  where  the  summer  stage  of  the  rust  is 
present,  and  the  other  at  Amherst,  where  it  has  never  oc- 
curred. These  two  determinations  are,  however,  sufficient 
for  our  purpose  ;  inasmuch  as  the  preceding  table  shows  that 
the  water-retaining  properties  of  the  soil  decrease  in  loose, 
sandy  soil,  and  increase  in  fine,  compact  soil ;  and,  as  the 
mechanical  constituents  of  such  soils  as  the  Worcester,  Spen- 
cer and  Pittsfield  are  larger  in  fine  material  and  more  closely 
resemble  the  Amherst  soil  than  those  of  the  coast,  we  would 
therefore  find  similar  water-retaining  properties. 

The  cans  containing  the  soils  were  left  in  a  room  of  even 
temperature,  and  after  five  days  had  elapsed  they  were 
weighed  again,  with  the  following  result :  — 

Table  VI.  —  Percentage  of  Water  lost  by  the  FoUoioing  Soils  after 

Five  Days. 


Bridgewater, 

75.07 

Attleborough, 

46.95 

Orleans,  . 

73.78 

Montague, 

40.33 

Eastham, 

66.17 

Amherst, 

23.33 

Concord, . 

51.75 

These  results  follow  in  a  general  way  those  shown  in  Table 
V.  The  Bridgewater,  however,  lost  slightly  more  than  the 
Orleans.  As  most  of  these  soils  were  gathered  within  a  few 
days  of  each  other,  it  may  be  of  some  interest  to  note 
the  amount  of  water  found  in  each  at  the  time  the  samples 
reached  the  laboratory.     Amherst  gave  33.60  per  cent,  of 
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water ;  Montague,  11.26  per  cent. ;  Orleans,  12.50  per  cent. ; 
Attleborough,  15.40  per  cent. ;  Concord,  8.65  per  cent. ; 
Eastham,  5.69  per  cent. ;  Bridgewater,  3.74  per  cent.  These 
figures  do  not  possess  any  great  value,  but  in  a  general  way 
they  correspond  with  those  in  the  preceding  table.  The 
variation  in  the  amount  of  rainfall  in  difierent  parts  of  the 
State  of  course  comes  into  account  here.  We  will  state, 
however,  that  the  Amherst  soil  referred  to  was  taken  from 
an  asparagus  bed  which  has  never  had  the  rust  in  any 
stage,  —  a  fact  which  is  not  only  due  to  its  characteristic 
texture  and  the  nature  of  the  subsoil,  but  to  the  fact  that  the 
plants  have  been  thoroughly  cultivated  and  properly  fed,  and 
consequently  are  in  a  very  vigorous  condition.  According 
to  Professor  Brooks,  this  bed  has  at  times  received  a  heavy 
dressing  of  cow  manure  in  the  fall,  which  has  been  forked  in 
in  the  spring,  and  then  fertilizer  has  been  put  on  at  the  fol- 
lowing rate  per  acre  :  muriate  of  potash,  600  pounds ;  nitrate 
of  soda,  200  pounds ;  and  acid  phosphate,  900  pounds. 

Asparagus  growers  have  stated  that  there  is  a  difference 
as  to  infection  in  different  parts  of  a  field.  Many  have  stated 
that  the  drier  places  were  the  most  badly  infested,  while 
others  could  notice  no  difference,  or  in  some  instances  those 
parts  which  they  considered  the  least  dry  showed  the  rust 
the  worst.  This  latter  condition  does  not  in  any  way  affect 
our  conclusions  that  the  rust  (summer  stage)  is  peculiar  alone 
to  those  regions  that  possess  sandy  soil  which  has  little  water- 
retaining  capacity,  inasmuch  as  our  conclusions  are  general, 
and  refer  to  the  State  as  a  whole.  That  exceptions  do  occur 
even  in  a  single  bed  is  not  at  all  strange,  so  long  as  plants 
are  endowed  with  a  tendency  to  vary.  There  are  other  fac- 
tors which  have  a  bearing  on  the  susceptibility  of  plants  to 
rust  other  than  those  of  soil  and  water  conditions,  among 
which  is  the  general  health  condition  or  vigor  of  the  plant. 
We  have  repeatedly  observed  in  the  same  bed  numerous 
plants  that  were  badly  infected,  while  directly  beside  them 
were  some  which  were  perfectly  healthy.  We  do  not  main- 
tain, however,  that,  in  a  bed  where  the  plants  possess  the 
same  amount  of  vigor  and  where  they  are  under  exactly  simi- 
lar conditions  except  in  regard  to  moisture,  those  in  the  dry 
place  will  succumb  to  the  rust  quickest  and  become  more 
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severely  affected  than  those  located  in  dry  places.  The  prin- 
cipal feature  which  wc  wish  to  emphasize  in  connection  with 
these  experiments  is  that  the  summer  stage  of  the  asparagus 
rust  is  due  to  a  weakened  condition  of  those  plants  growing 
on  dry  soil  during  seasons  of  extreme  drought.  In  other 
words,  the  plants  suffer  for  water ;  and,  since  this  is  the  case, 
the  rational  method  of  prevention  must  take  the  amount  of 
soil  moisture  into  consideration.  It  will  not  be  out  of  place 
here  to  reflect  upon  the  present  status  of  the  rust  problem, 
and  consider  the  methods  which  should  be  employed  in  our 
endeavors  to  control  it. 

The  practice  of  spraying,  it  would  seem,  is  not  likely  to 
give  promise  of  any  remarkable  results,  because  the  asparagus 
plants  offer  difficulties  in  this  respect,  and  all  of  the  rusts 
are  hard  to  control.  Stewart  found,  in  his  experiments  on 
spraying  for  the  carnation  rust,  which  attacks  a  host  largely 
confined  to  greenhouses  and  therefore  much  better  under  con- 
trol, that  the  best  results  obtained  by  spraying  were  not  very 
promising.  Then,  again,  it  is  possible  that  the  asparagus 
rust  mycelium  may  be  confined  to  the  plant  throughout  the 
year,  in  which  case  the  value  of  spraying  would  be  practically 
useless.  We  have  observed  a  fungous  mycelium  in  the  roots 
and  stems  of  the  asparagus  plants  below  the  ground  long 
before  any  occurrence  of  the  rust  showed  upon  the  aerial 
stems ;  l)ut  whether  the  mycelium  was  identical  with  that  of 
the  rust,  or  of  other  parasitic  fungi  frequently  found  upon 
the  asparagus,  we  were  not  able  to  ascertain.  We  must 
therefore  turn  our  attention  to  other  methods  of  control,  — 
to  methods  which  will  enable  us  to  keep  the  plants  under 
more  normal  conditions  during  seasons  of  drought.  These 
methods  will  consist,  first,  of  securing  the  most  vigorous 
plants,  —  a  feature  which  is  dependent  upon  cultivation  and 
the  proper  kinds  and  amounts  of  plant  food  with  which  the 
plants  are  supplied.  There  is  considerable  difference  in  the 
plants  of  various  growers  in  this  respect ;  the  most  vigorous 
and  largest  plants  which  we  have  observed  were  situated  in 
a  dry  region,  subject  to  uredo  infection,  but  they  have  never 
suffered  from  the  rust  till  this  season.  The  amount  of  rain- 
fall between  April  1  and  September  1  of  this  year  has  been 
the  lowest  for  many  years,  and  many  beds  have  shown  the 
summer  stage  for  the  first  time  this  year.     It  is  interesting 
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to  note,  however,  that  cultivation  and  skilful  plant  feeding 
alone  have  enabled  some  beds  to  suppress  the  outbreak  of  the 
summer  stage. 

Then,  again,  the  question  of  soil  moisture  during  dry  sea- 
sons must  be  considered.  There  are  different  ways  of  secur- 
ing this,  such  as  by  irrigation,  by  increasing  the  organic 
matter  in  the  soil,  or  by  mulching.  In  selecting  a  site  for 
new  beds,  they  should  be  started  on  soil  possessing  some 
degree  of  water-retaining  capacity,  even  if  such  soil  is  not 
adapted  quite  so  well  for  asparagus  during  ordinary  seasons. 
We  are  convinced,  however,  that  soils  such  as  the  Montague 
and  Attleborough ,  which  appear  to  be  good  asparagus  soils, 
possess  enough  fine  material  and  sufficient  water-retaining 
capacity  to  prevent  the  summer  outbreak,  provided  robust 
plants  are  secured.  In  fact,  we  are  informed  that  the  sum- 
mer stage  of  the  rust  has  not  appeared  on  the  beds  at  Attle- 
borough from  which  this  sample  was  taken  previous  to  this 
year.  It  is  these  extremely  light,  sandy  soils  that  have  been 
selected  for  the  largest  asparagus  beds,  because  they  appear 
to  be  best  adapted  for  its  growth.  Numerous  inquiries  from 
tovs^ns  adjoining  many  of  these  badly  infected  regions  have 
failed  to  show  any  evidence  of  injuries  from  the  rust,  as  the 
texture  of  the  soil  is  slightly  different. 

If  the  asparagus  rust  continues  to  cause  as  much  injury  in 
the  future  as  it  has  in  the  past,  it  may  become  necessary  to 
resort  to  those  soils  of  a  finer  texture  for  the  cultivation  of 
this  crop.  The  matter  of  irrigation  would  be  expensive  and 
not  readily  resorted  to  on  many  beds,  while  others  that  we 
know  of  could  be  very  easily  irrigated  by  damming  a  small 
stream  and  properly  diverting  the  course  of  the  water.  Since 
the  asparagus  rust  is  brought  about  by  drought,  and  is  there- 
fore not  likely  to  cause  much  injury  except  during  such  sea- 
sons, the  occurrence  of  the  disease  can  be  anticipated.  In 
this  respect  it  differs  from  other  common  plant  diseases,  in- 
asmuch as  we  have  to  spray  for  them  every  season,  whether 
we  know  they  are  going  to  make  their  appearance  or  not. 
An  annual  treatment  would  therefore  not  be  required.  It  is 
hoped  that  some  preventive  measures,  based  upon  the  reten- 
tivity  or  the  supplying  of  soil  moisture,  will  be  employed  by 
those  growers  who  are  favorably  situated  and  who  have  suf- 
fered from  the  rust. 
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KEPORT   OF   THE   METEOROLOGIST. 


JOHN   E.    OSTRANDER. 


The  work  of  this  division  the  past  year  has  been  principally 
devoted  to  the  observation  of  the  various  weather  phenomena, 
too'ether  with  the  reduction  of  the  records  and  their  arranoje- 
ment  in  form  for  preservation. 

The  usual  monthly  bulletins,  giving  the  more  important 
daily  records  and  a  review  of  the  character  of  the  weather, 
have  been  issued,  and  the  annual  summary  will  be  published 
as  soon  as  the  records  for  the  year  are  complete. 

Throughout  the  year  the  New  England  section  of  the  United 
States  Weather  Bureau  has  furnished  us  daily,  except  Sun- 
day, with  the  local  forecasts  of  the  weather,  and  the  signals 
have  been  displayed  from  the  top  of  the  tower.  Arrange- 
ments have  been  made  to  furnish  them  the  weekly  snow  re- 
ports, as  heretofore. 

The  observations  relating  to  soil  temperature  and  moisture 
by  the  electrical  method,  begun  two  years  ago,  have  been 
continued  this  year.  Owing  to  the  unsatisfactory  results  of 
the  previous  years,  the  temperature  cells  and  moisture  elec- 
trodes were  tested  and  standardized  before  using  them  in  the 
field.  The  temperature  cells  were  placed  in  water  and  the 
resistances  observed.  After  the  resistances  became  constant 
for  each  cell,  the  temperature  of  the  water  was  taken  by  a 
standard  thermometer.  The  resistance  of  each  cell  was  thus 
determined,  for  temperatures  varying  by  about  10°  F.,  for  a 
range  exceeding  that  which  it  would  be  subjected  to  in  the 
field.  The  cells  were  afterward  placed  in  soil  in  a  box,  and 
the  resistances  observed  and  the  temperature  computed  by 
the  tables  in  Bulletin  No.  7  of  the  United  States  Department 
of  Agriculture,  Division  of  Soils,  and  checked  by  using  a 
standard  thermometer.     The  standardization  of  the  moisture 
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electrodes  was  effected  by  placing  them  in  soil  in  boxes  so 
arranged  as  to  provide  for  a  proper  diffusion  throughout  the 
soil  of  water  as  added,  taking  the  resistances  and  computing 
the  percentage  of  moisture  from  the  weight.  When  after- 
ward used  in  the  field  these  electrodes  gave  more  satisfactory 
results  than  had  before  been  attained.  The  results  for  the 
corn-growing  season  of  the  current  year  have  been  worked 
out.  The  observations  will  be  continued  next  year,  for  pur- 
poses of  comparison. 

The  means  of  the  various  weather  elements  for  each  month 
and  year,  for  the  ten  years  from  1889  to  1898  inclusive,  have 
been  tabulated,  and  normal  conditions  for  the  period  de- 
duced. These  results  are  of  especial  interest  for  the  purpose 
of  noting  departures  from  normal  conditions.  The  tabula- 
tions, together  Avith  other  data  of  interest,  will  be  found  on 
the  following  pages. 


Meteorological  Observatory  of  the  Hatch  Experi- 
ment Station,  Massachusetts  Agricultural  College, 
Amherst. 

General  Summary,  1889-98. 

Latitude  of  observatory,  42^  23'  48.5''  N.  ;  longitude,  72° 
31'  10"  W.  Elevation  of  ground  at  base  of  observatory 
above  mean  low  water,  Boston  harbor,  223  feet,  as  determined 
by  levels  connecting  with  those  of  the  Boston  &  Maine  Rail- 
road. The  standard  barometer  is  50.5  feet  above  the  ground 
and  273.5  feet  above  sea  level.  The  Draper  self-recording 
barometer  is  51.5  feet  above  ground.  The  cup  anemometer, 
pressure  anemometer,  anemoscope  and  sun  thermometer  are 
located  on  top  of  the  tower,  72  feet  above  the  ground.  All 
temperatures  are  taken  in  the  thermometer  shelter  on  the 
campus,  about  4  feet  above  ground  and  220  feet  above  sea 
level.  The  standard  rain  gauge  is  on  the  campus,  about  2 
feet  above  the  ground  and  218  feet  above  sea  level. 
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Summary  for  the  Ten  Years  1889-98. 

Barometer  {Pressure  in  Inches). 
Maximum,  reduced  to  freezing,  Feb.  26, 1889,  11  a.m 
Minimum,  reduced  to  freezing,  Feb.  8,  1895,  7  a.m.,. 
Maximum,  reduced  to  freezing  and  sea  level,  Feb 

11  A.M.,       .... 

Minimum,  reduced  to  freezing  and  sea  level,  Feb 
7  A.M.,        .... 

Mean, 

Total  range. 

Greatest  annual  range,  1895, 

Least  annual  range,  1892,    . 

Mean  annual  range,     . 

Greatest  monthly  range,  January,  1891, 

Least  monthly  range,  July,  1895, 

Mean  monthly  range,  .... 


Air  Temperature  (in  Degrees  F.) 
Highest,  July  20,  1894,  5  p.m.. 
Lowest,  Feb.  3, 1898,  6  a.m.. 

Mean, 

Total  range. 

Greatest  annual  range,  1898, 

Least  annual  range,  1891,   . 

Mean  annual  range,     . 

Greatest  monthly  range,  February,  1898 

Least  monthly  range,  July,  1897, 

Mean  monthly  range,  .... 

Greatest  daily  range,  Feb.  18,  1892,    . 

Least  daily  range,  April  5,  1898, 

Mean  daily  range,        .... 


26,  1889, 
8,  1895, 


30.650 

28.240 

30.970 

28.560 
30.029 
2.410 
2.270 
1.650 
1.920 
1.930 
.510 
1.090 


98.000 

-19.000 

47.100 

117.000 

115.500 

100.000 

107.000 

73.000 

36.000 

54.900 

52.500 

2.500 

22.100 


Himiidity. 

Mean  dew  point, 40.200 

Mean  force  of  vapor,    . .  .430 

Mean  relative  humidity, 73.500 


Precipitatio7i  (in  Inches') 
Total  rain  or  melted  snow, . 
Total  snowfall,     .... 
Greatest  annual  precipitation,  1897, 
Least  annual  precipitation,  1894, 
Mean  annual  precipitation. 
Greatest  monthly  precipitation,  July,  1897, 
Least  monthly  precipitation,  October,  1892, 
Mean  monthly  precipitation. 


460.000 

539.300 

57.050 

32.640 

46.000 

14.510 

.660 

3.830 
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Greatest  in  twenty-four  hours,  July  12-13,  1897,        .        .        .        6.650 

Greatest  in  one  hour,  July  30,  1898, 1.500 

Unusual  rains  :  1889,  June  15,  2.10  inches  in  four  hours  ;  1896, 
July  7,  1.10  inches  in  thirty  minutes;  1897,  June  9,  4.08 
inches  in  twenty  hours ;  July  13-14,  8  inches  in  forty-four 
hours  ;  1898,  July  30,  2.65  inches  in  two  hours  ;  September 
10,  .95  inch  in  twenty  minutes.  Number  of  days  on  which 
.01  inch  or  more  rain  or  melted  snow  fell,     .        .        .        .1,241.000 


Wi7id  (in  Miles). 

Total  movement, 

Greatest  annual  movement,  1896, 
Least  annual  movement,  1894,    . 
Mean  annual  movement,     .... 

Greatest  monthly  movement,  March,  1896, 
Least  monthly  movement,  July,  1894, 
Mean  monthly  movement,  .... 

Greatest  daily  movement,  Nov.  27,  1898,    . 

Least  daily  movement,  Sept.  29,  1894,  and  March  7,  1895, 

Mean  daily  movement,        ....... 

Maximum  pressure  per  square  foot,  43  pounds,  =  93  inches 
per  hour,  Sept.  11,  1895,  8  p.m. 


515,638 

59,198 

36,257 

61,566 

8,182 

1,109 

4,297 

675 

141 


Weather. 

Mean  cloudiness  observed, 52.40  per  cent. 

Total  cloudiness  by  the  sun  thermometer,  .         22,400  =  50.30  per  cent. 
Number  hours  bright  sunshine  recorded,    .         22,120  rrr  49.70  per  cent. 

Number  of  clear  days, 1,143 

Number  of  fair  days, 1,066 

Number  of  cloudy  days, 1,444 

Gales  of  75  or  more  miles  per  hour:  1889,  Dec.  26,  76,  N.W. ;  1893, 
Aug.  29,  87,  S.W. ;  1895,  Sept.  11,  93,  N.E. ;  1898,  Sept.  7,  78,  S.W. ;  Dec. 
4,  75,  E.S.E. 


202  HATCH  EXPERIMENT   STATION.         [Jan. 


KEPORT   OF   THE   HORTICULTURIST. 


SAMUEL  T.    MATNARD. 


The  lines  of  experimentation  carried  on  by  this  division 
have  been  kept  strictly  within  the  limits  of  practical  horti- 
culture, devoting  especial  attention  to  the  growth  of  common 
fruit  and  garden  crops,  and  their  protection  from  insect  and 
fungous  pests. 

New  varieties  of  fruits,  vegetables,  ornamental  trees,  shrubs 
and  plants  of  promise  have  been  obtained  and  tested  under 
varying  conditions,  and  many  new  seedlings  produced.  For 
the  work  of  testing  varieties  a  large  collection  of  standard 
varieties  from  different  sections  of  the  country  have  been 
obtained,  that,  when  a  new  variety  is  to  be  tested,  careful 
comparison  may  be  made  under  conditions  where  the  exact 
value  of  standard  varieties  is  known.  As  far  as  possible, 
new  varieties  are  grown  under  many  varying  conditions, 
and  very  careful  inquiry  is  made  of  their  behavior  in  many 
localities. 

Previous  reports  have  given  the  number  of  varieties  of  the 
different  kinds  of  fruits,  vegetables,  flowers,  etc.,  under  ex- 
periment, to  which  have  been  added  the  following  number 
of  new  varieties  the  past  season  :  apples,  four ;  pears,  five  ; 
plums  (domestic),  three;  plums  (Japanese),  seven:  plums 
(American),  seven;  peaches,  five;  quinces,  two;  cherries, 
four;  grapes,  four,  besides  numerous  seedlings;  blackber- 
ries, three ;  red  raspberries,  two,  and  a  large  collection  of 
seedlings ;  strawberries,  twenty,  and  many  seedlings ;  chest- 
nuts (Japanese,  Spanish  and  native  varieties),  eight; 
walnuts  (species  and  varieties),  six;  several  new  hardy 
ornamental  trees,  shrubs  and  plants,  and  many  new  varieties 
of  ornamental  plants  for  the  greenhouse  and  summer  out- 
door decoration. 
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Immediate  results  are  constantly  called  for  in  the  case  of 
widely  advertised  new  varieties,  but  such  results  can  be  ob- 
tained only  under  a  series  of  seasons  and  varying  conditions 
of  growth.  This  work  of  testing  varieties  is  begun  at  once 
upon  introduction,  and  is  hastened  by  all  possible  means. 

The  experiments  under  way,  in  addition  to  the  testing  of 
varieties,  are  as  follows  :  — 

1.  The  girdling  of  the  grape  vine  for  profit. 

2.  Spraj'ing  fruit  trees  when  in  bloom,  to  change  the  bearing 
year, 

3.  Spraying  peach  trees  during  the  winter  with  lime,  to  protect 
the  flower  buds  from  winter-killing. 

4.  The  use  of  dilute  copper  sulfate  in  place  of  the  ammoniacal 
carbonate  of  copper. 

5.  The  testing  of  insecticides  and  fungicides. 

6.  The  testing  of  spraying  apparatus. 

7.  The  use  of  clear  kerosene  and  kerosene  and  water  for  the 
destruction  of  scale  insects  and  aphides. 

8.  The  protection  of  young  fruit  trees  from  mice. 

9.  Various  kinds  of  grafting  wax. 

10.  Various  methods  of  grafting. 

11.  Whole  roots  and  piece  roots  in  apple  root-grafting. 

12.  Different  kinds  of  stocks  for  the  pear. 

13.  Growing  seedling  fruit-tree  stocks. 

14.  The  use  of  hydrocyanic  acid  gas  for  the  destruction  of  in- 
sects under  glass. 

15.  Turf  culture  v.  cultivation  in  growing  apples. 

16.  Amount  and  kinds  of  fertilizers  needed  for  best  growth  of 
fruits. 

17.  Green  manuring  for  orchards. 

18.  Comparative  hardiness  of  varieties  of  Japanese  plums. 

19.  Growth  of  lettuce  under  glass. 

20.  Growth  of  tomatoes  under  glass. 

Assistance  has  been  given  many  horticulturists  by  visiting 
their  places  or  answering  inquiries  by  letter,  which  takes  a 
large  share  of  the  time  of  the  head  of  the  division.  Assist- 
ance has  also  been  given  in  many  places  in  planning  orna- 
mental planting  of  home  and  public  grounds. 
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REPOKT   OF   THE  ENTOMOLOGIST. 


CHARLES   H.    FERNALD. 


Since  my  last  report  the  entomological  work  of  the  station 
has  proceeded  along  its  usual  lines.  A  large  amount  of  cor- 
respondence has  been  carried  on,  and  many  letters  of  inquiry 
from  residents  of  this  State  have  been  answered.  Believing, 
however,  that  the  opportunities  afforded  by  this  division  of 
the  experiment  station  were  either  not  known  of  by  many, 
or  that  the  way  in  which  to  make  use  of  them  was  not  under- 
stood, the  following  note  on  the  work  was  prepared  :  — 

Free  Aid  for  the  People. 
Prevention  of  Loss  by  Injurious  Insects. 

The  attacks  of  injurious  insects  probably  cause  the  loss  of  seve- 
ral millions  of  dollars  in  Massachusetts  alone  each  year.  This  has 
not  always  been  the  case,  but  insects  are  becoming  more  abundant 
and  consequently  more  destructive.  Much  of  this  destruction, 
however,  could  be  either  in  part  or  wholly  prevented  if  the  proper 
methods  of  treatment  were  made  use  of,  and  that  this  is  not  more 
frequently  done  is  very  unfortunate.  It  is  probable  that  the  reason 
for  the  apparent  negligence  in  this  regard  is  due  to  ignorance  as 
to  what  the  insect  is  in  each  particular  case,  and  what  to  do  to 
prevent  its  ravages.  It  is  this  very  uncertainty  which  results  in 
nothing  being  done  in  most  cases. 

In  order  to  provide  this  information  for  residents  of  the  State, 
the  entomological  division  of  the  Hatch  Experiment  Station  at 
Amherst  offers  its  services  without  charge  to  all  who  may  desire 
them.  To  obtain  this  assistance,  write  to  the  entomologist. 
Hatch  Experiment  Station  at  Amherst,  Mass.,  describing  the 
trouble,  and  also,  if  possible,  send  samples  of  the  injury  and 
the  insect  causing  it,  and  attention  will  at  once  be  given  to  the 
matter. 

As  the  Hatch  Experiment  Station  of  Massachusetts  is  supported 
in  part  by  State  appropriation,  such  a  use  of  its  facilities  by  the 
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people  of  the  State  is  not  only  justifiable  but  most  desirable,  for 
it  was  established  for  just  that  purpose ;  and  no  one  who  incurs 
loss  by  insect  ravages  can  excuse  himself  for  that  loss  except  on 
the  ground  of  ignorance  that  such  assistance  can  be  obtained. 

Over  eight  hundred  of  these  circulars  were  sent  out  to  the 
newspapers,  granges  and  other  organizations  of  the  State, 
with  the  request  that  the  facts  contained  therein  be  given  the 
greatest  publicity.  As  these  slips  were  not  circulated  till 
December,  1899,  it  is  not  possible  to  ascertain  the  results, 
but  a  considerable  increase  in  the  already  large  correspond- 
ence is  anticipated  during  the  coming  year. 

Last  June  my  assistant,  Mr.  E..  A.  Cooley,  was  appointed 
professor  of  zoology  and  entomology  at  the  Montana  State 
College.  Mr.  Cooley  is  a  careful  and  thorough  investigator, 
and  proved  himself  a  very  efficient  and  valuable  assistant  to 
me.  The  loss  of  his  services  rendered  necessary  the  appoint- 
ment of  some  one  to  take  his  place.  As  it  was  advisable  for 
many  reasons  to  obtain  a  man  of  large  experience.  Dr.  H.  T. 
Fernald  of  Pennsylvania,  for  nine  years  professor  of  zoology 
and  entomology  at  the  Pennsylvania  State  College,  and  for 
the  past  two  years  State  entomologist  of  Pennsylvania,  was 
elected  associate  entomologist,  to  take  the  place  made  vacant 
by  the  resignation  of  Mr.  Cooley. 

The  San  Jose  Scale. 
The  San  Jose  scale  is  now  known  to  occur  in  injurious 
abundance  at  more  than  thirty  different  places  in  Massachu- 
setts,—  in  fact,  it  may  be  said  to  be  generally  distributed 
over  the  State.  It  has  probably  been  introduced  from  several 
other  States,  as  there  is  nothing  except  the  objections  of 
purchasers  to  prevent  its  being  brought  in  on  every  plant 
purchased.  Its  presence,  however,  and  the  serious  destruc- 
tion it  causes,  have  led  a  number  of  States  to  pass  laws 
excluding  all  stock  from  outside  their  borders  unless  accom- 
panied by  an  authorized  certificate  that  the  stock  had  been 
inspected  and  no  scale  found.  This  action  was  most  incon- 
venient for  Massachusetts  nurserymen,  who  were  often  thus 
prevented  from  filling  orders  to  go  to  States  having  such 
laws.     To  meet  this  difficulty,  the  committee  of  the  trustees 
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of  the  college,  in  charge  of  the  experiment  station,  author- 
ized the  entomological  division  of  the  station  to  inspect  nur- 
series when  requested  to  do  so  by  their  owners,  and  to  give 
authorized  certificates  where  no  scale  is  found,  charging  for 
this  work  only  the  actual  expenses  incurred.  This  action 
was  not  a  required  one,  and  was  taken  solely  for  the  purpose 
of  accommodating  nurserymen,  many  of  whom  have  already 
shown  their  appreciation  of  the  arrangement  and  have  availed 
themselves  of  the  opportunity  thus  afforded  them. 

Bulletin  on  Chionaspis. 
On  the  10th  of  August,  1899,  the  work  of  Mr.  R.  A. 
Cooley  on  the  different  species  of  Chionaspis  and  Hemi- 
chionaspis  was  published  in  a  special  bulletin  of  the  station. 
This  bulletin,  treating  of  many  of  the  important  scale  insects 
which  have  recently  attracted  so  much  attention  because  of 
the  injury  they  do  to  fruit  and  other  trees,  was  fully  illus- 
trated, and  has  received  high  commendation  not  only  in  this 
country  but  also  in  Europe. 

The  Grass  Theips. 
Studies  on  the  grass  thrips  have  been  continued  during  the 
year  by  Mr.  W.  E.  Hinds,  one  of  the  senior  students,  with 
most  satisfactory  results,  and  are  published  as  an  appendix 
to  the  college  catalogue.  As  these  studies  are  largely  tech- 
nical, such  of  the  facts  as  have  an  economic  bearing  will  also 
be  published  in  a  bulletin  for  the  use  of  the  farmers  of  the 

State. 

The  Clovee-head  Beetle. 

Work  on  the  clover-head  beetle  {PJcytonomus  nigrirostris) 
has  been  continued  during  the  year  by  Mr.  C.  M.  Walker, 
and  the  results  are  nearly  ready  for  publication.  Its  life 
history  has  been  nearly  completed,  and  the  best  methods  of 
treatment  are  being  investigated.  This  work  will  be  pub- 
lished as  soon  as  completed. 

Raupenleim. 
This  substance,  which  is  of  such  value  for  banding  trees 
liable  to  the  attacks  of  the  canker  worms,  tussock  moth,  etc., 
has  heretofore  been  manufactured  by  a  secret  process  in  Ger- 
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many.  During  the  past  year  the  chemist  of  the  Gypsy  Moth 
Commission,  Mr.  F.  J.  Smith,  made  experiments  at  the 
chemical  laboratory  of  the  insectary,  to  determine  its  com- 
position. These  experiments  proved  very  successful,  and  in 
consequence  raupenleim  can  now  be  manufactured  in  this 
country  at  a  low  cost.  This  one  discovery  has  been  esti- 
mated as  worth  half  a  million  of  dollars  to  the  farmers  and 
fruit  grower^  of  the  United  States. 

The  Gypsy  Moth. 

The  work  of  exterminating  the  gypsy  moth,  with  which  I 
have  been  connected  since  1891,  has  been  carried  on  during 
the  past  year  with  marked  success,  and  the  insect  has  been 
reduced  to  such  an  extent  over  almost  the  entire  territory 
that  one  who  has  kept  in  close  touch  with  the  field  work  for 
several  years  past  cannot  fail  to  be  impressed  by  the  great 
gain  that  has  been  made  towards  the  extermination  of  this 
pest. 

There  is  no  longer  any  question,  in  the  minds  of  those 
who  have  made  a  careful  personal  investigation  of  the  work 
throughout  the  infested  territory,  that  the  gypsy  moth  can 
be  exterminated.  Nearly  all  of  the  prominent  economic  en- 
tomologists of  this  country  have  inspected  the  work  with 
great  care,  and  have  become  fully  convinced  that  extermina- 
tion is  possible,  if  the  Legislature  each  year  promptly  grants 
the  full  appropriation  asked  for  this  purpose  by  the  gypsy 
moth  committee.  The  entire  responsibility  now  rests  with 
the  Legislature. 

The  Brown-tail  Moth. 
This  insect  has  now  become  widely  distributed  in  the  east- 
ern part  of  this  State,  and  even  extends  into  New  Hamp- 
shire ;  it  is  therefore  believed  to  be  impossible  to  exterminate 
this  pest  with  any  appropriations  that  the  two  States  in  which 
it  now  occurs  would  be  likely  to  make.  When  attention  was 
first  called  to  this  insect,  in  the  spring  of  1897,  the  matter 
was  laid  before  Governor  Wolcott,  who  sent  a  message  to 
the  Legislature  recommending  an  appropriation  of  $10,000 
for  the  extermination  of  the  pest,  which  then  occurred  only 
in  a  very  limited  area.     It  was  believed  that  this  amount 
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Avould  be  sufficient  to  stamp  out  the  insect.  The  Legis- 
lature, however,  refused  to  make  any  appropriation  for  this 
purpose,  and  the  inevitable  results  followed. 

In  consideration  of  the  failure  of  the  Legislature  to  pre- 
vent the  spread  of  the  brown-tail  moth  over  the  country,  the 
gypsy  moth  committee  have  authorized  me,  with  the  assist- 
ance of  those  associated  with  me,  to  "collect  such  infor- 
mation, both  in  this  country  and  Europe,  in  regard  to  the 
brown-tail  moth,  and  make  such  experiments  with  the  insect 
as  may  be  useful  to  the  committee  in  future  dealing  with  the 
creature  and  necessary  for  the  proper  enlightenment  of  the 
public  on  the  subject,  with  a  view  to  publish  the  said  infor- 
mation, if  it  may  appear  desirable." 

In  accordance  with  this  action  of  the  gypsy  moth  commit- 
tee a  large  amount  of  time  has  already  been  spent  on  this 
work,  but  it  is  far  from  being  completed,  and  it  is  impossible 
at  present  to  say  just  when  the  work  will  be  ready  for  pub- 
lication. 

Monograph  of  the  Pyralid^. 

I  have  been  engaged  for  many  years  in  a  critical  study  of 
the  microlepidoptera  of  North  America,  and  have  already 
published  several  monographs  on  certain  families  of  these 
insects.  I  am  now  at  work  on  a  monograph  of  the  Pyralidse, 
which  will  probably  be  readj^  for  publication  some  time  this 
year. 

The  Card  Catalogue. 

The  card  catalogue  of  insects  now  contains  over  forty 
thousand  cards,  and  is  continually  growing  in  size,  as  con- 
stant additions  are  made  to  it  from  the  new  journals  and 
other  entomological  publications  as  they  are  received.  Only 
those  insects  occurring  in  North  America  have  been  catalogued 
in  the  past,  but  the  literature  of  the  scale  insects  (Coccidse) 
of  all  countries  is  now  being  added.  This  is  rendered  neces- 
sary, as  these  insects  are  being  imported  into  our  country 
from  different  parts  of  the  world  without  restriction  in  any 
State  except  California. 
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Part  I.  —  Laboratoky  Work. 
Outline  of  Year'^s  WorJc. 

Part    II.  —  Feeding    Experiments    and    Dairy 

Studies. 


Part  I. 

Extent  of  Chemical  Work. 

The  work  of  the  chemical  laboratory  connected  with  this 
department  has  materially  increased  during  the  past  year, 
notwithstanding  the  prolonged  illness  of  Dr.  Lindsey,  which 
necessitated  a  temporary  rearrangement  of  the  stafl',  leaving 
the  bulk  of  the  analytical  work  to  be  carried  on  by  two 
assistants. 

There  have  been  sent  in  for  examination  167  samples  of 
water,  144  of  milk,  193  of  cream,  36  of  pure  and  process 
butter,  25  of  oleomargarine,  147  of  feed  stuflfs  and  52  of 
miscellaneous  substances. 

In  connection  with  experiments  by  this  and  other  divisions 
of  the  station  there  have  been  analyzed  62  samples  of  milk, 
54  of  butter  and  429  of  fodders  and  feed  stuffs. 

In  addition  to  the  above,  748  samples  of  commercial  con- 
centrated feed  stuifs  have  been  collected  under  the  provision 
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of  the  feed  law,  of  which  736  samples  have  been  tested,  either 
individually  or  in  composite.  This  makes  a  total  of  2,045 
substances  analyzed  during  the  year,  as  against  1,875  last 
year  and  1,147  in  the  year  previous.  There  have  also  been 
carried  on  for  the  Association  of  Official  Agricultural  Chemists 
investigations  relative  to  the  best  methods  for  the  determina- 
tion of  starch,  pentosans  and  galactan  in  agricultural  products. 

Charactee  of  Chemical  Work. 

Water.  —  Sanitary  examinations  of  water  have  been  car- 
ried out,  as  in  previous  years,  according  to  the  Wanklyn 
process,  to  determine  its  general  fitness  for  domestic  pur- 
poses and  for  the  use  of  live  stock. 

Persons  whose  water  supply  is  other  than  that  of  a  city  or 
town  system  should  use  every  possible  means  to  guard  it 
against  pollution  arising  from  sinks,  vaults  and  stables,  or 
from  the  entrance  of  surface  water  and  animal  and  vegetable 
matter.  The  latter,  while  not  in  itself  highly  injurious  to 
health,  is  objectionable,  as  it  favors  the  rapid  propagation  of 
bacteria  and  other  micro-organisms.  The  detection  of  specific 
disease  germs  in  water  is,  however,  not  a  function  of  the 
chemist,  but  of  the  bacteriologist. 

Frequent  cases  of  poisoning  result  from  conducting  drink- 
ing water  through  lead  pipe,  and  such  a  practice  cannot  be 
too  severely  condemned,  for  the  poison,  once  assimilated,  is 
very  difficult  to  remove  from  the  sy-stem.  At  least  five 
samples  examined  during  the  past  year  have  shown  its  pres- 
ence. Soft  waters  as  a  rule  have  a  much  greater  solvent 
action  upon  lead  than  hard  waters.  Wells  and  springs  ought 
to  be  thoroughly  cleaned  at  regular  intervals. 

It  is  of  great  importance  that  the  utmost  care  be  exercised 
in  taking  the  sample  for  analysis,  otherwise  the  chemical  ex- 
amination, conducted  under  the  most  careful  and  exacting 
conditions,  is  of  little  or  no  value.  The  quantity  necessary 
is  two  to  three  quarts,  collected  in  a  thoroughly  cleaned  and 
well-rinsed  glass  bottle,  stoppered  with  a  new  cork,  over 
which  is  to  be  tied  a  clean  piece  of  cotton  cloth.  An  air 
space  of  about  one  inch  should  be  left  between  cork  and 
liquid,  to  allow  for  expansion.  In  case  of  pond  water,  the 
sample  should  be  taken  from  below  the  surface,  being  care- 
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ful  to  avoid  the  surface  scum  and  the  sediment  at  the  bottom. 
The  chemist's  report  upon  the  character  of  the  water  must 
necessarily  be  a  matter  of  judgment,  based  on  the  analysis 
and  the  information  furnished  by  the  party  sending  the  sam- 
ple. Accurate  replies  to  the  following  questions  are  neces- 
sary to  a  complete  understanding  of  each  case,  and  are  for 
the  interest  of  the  person  sending  the  water  :  — 

1.  Sources,  whether  from  spring,  stream,  pond,  reservoir  or 
well. 

2.  Character  of  soil  in  which  located. 

3.  Distance  from  any  possible  source  of  pollution,  and  charac- 
ter of  the  same. 

4.  Kind  of  pipe  used  for  conducting  the  water. 

Ship  samples  at  once  by  express,  charges  prepaid.  In 
making  the  report  of  an  analysis  a  printed  form  is  used, 
which  explains  the  results  so  as  to  be  readily  understood  by 
any  one. 

The  examination  of  mineral  or  spring  waters  for  which 
medicinal  properties  are  claimed,  or  those  intended  for  com- 
mercial purposes,  does  not  fall  within  the  scope  of  our  duties. 

Milk.  —  The  samples  sent  in  show  a  wide  variation  both 
in  solids  and  fat,  a  considerable  number  falling  below  the 
Massachusetts  legal  standard,*  indicating  a  need  on  the  part 
of  certain  milkmen  and  others  of  introducing  better  stock 
and  disposing  of  inferior  animals. 

In  taking  a  sample  for  analysis,  mix  the  entire  milking  by 
pouring  three  or  four  times  from  one  vessel  to  another,  and 
immediately  fill  a  pint  bottle.  Mark  each  sample,  stating 
kind  of  milk  (w^hole,  skim  or  buttermilk)  and  the  tests  de- 
sired, together  with  the  name  and  address  of  the  shipper ; 
the  package  to  be  marked  '■^Immediate  Delivery  "  and  sent 
by  express,  prepaid.  Samples  sent  from  a  considerable  dis- 
tance should  be  treated  with  four  drops  of  forty  per  cent, 
formaldehyde  (obtained  at  any  apothecary's),  to  insure  the 
preservation  of  the  sample. 

Cream. — Everything  said  in  regard  to  the  sampling  and 
shipping  of  milk  applies  equally  well  to  cream. 

*  In  the  months  of  October,  November,  December,  January,  February  and 
March,  13  per  cent,  solids  and  3.7  per  cent,  fat  are  required,  but  during  the  remain- 
der of  the  year  only  12  per  cent,  solids  and  3  per  cent.  fat. 
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Butter. — In  connection  witti  the  feeding  experiments  con- 
ducted at  the  barn  last  season  many  samples  of  butter  were 
analyzed,  and  very  thorough  examinations  of  the  butter  fat, 
both  in  regard  to  its  chemical  composition  and  physical  prop- 
erties, were  made. 

"  Renovated  "  or  "  process  "  butter  having  become  of  con- 
siderable prominence  in  the  market,  a  law  was  passed  by 
the  last  Legislature  forbidding  its  sale  except  when  plainly 
marked,  in  one-half  inch  type,  ' '  Renovated  butter."  Several 
samples  have  been  identified  in  this  laboratory  by  means  of 
a  microscopical  examination,  general  characteristics  of  the 
melted  fat  and  curd,  together  with  the  Reichert  number ; 
and  a  much  larger  number  of  oleomargarines  have  been  iden- 
tified by  the  same  methods. 

Cattle  Feeds. — The  feed  law  passed  by  the  State  Legis- 
lature, which  took  effect  in  July,  1897,  is  apparently  meeting 
with  good  success.  The  work  is  carried  out  by  this  depart- 
ment, the  assistants  making  a  semi-annual  canvass  of  the 
State,  taking  samples  of  all  the  prominent  concentrated  feed 
stuffs.  The  samples  so  collected  are  carefully  analyzed,  and 
the  results  published  in  bulletins  from  time  to  time.  The 
purpose  of  this  work  is  to  exclude  poor  and  adulterated  feeds, 
and  to  maintain  products  of  a  uniform  grade. 

The  effect  of  the  law  on  the  quality  of  cotton  seed  meal  has 
been  very  marked.  In  the  earlier  collections  inferior  meals 
were  common,  but  during  the  present  season  but  few  were 
found,  and  the  average  protein  content  is  many  per  cent, 
hiffher.  Low-erade  wheat  feeds  and  oat  feeds  of  unknown 
manufacture  still  remain  in  the  market,  and  probably  will  to 
some  extent  until  a  guarantee  is  required  on  all  feeds  and 
power  given  to  enforce  the  same. 


Part    II , 


Feeding  Experements  and  Dairy  Studies. 
An  investigation  was  instituted  last  season  to  ascertain  the 
effect  produced  on  the  quantity  and  quality  of  butter  fat  by 
feeding  ground  flax-seed  meal  containing  thirty-six  per  cent, 
of  oil,  as  compared  with  a  normal  linseed  ration. 
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Following  this,  a  long  series  of  feeding  experiments  was 
begun,  the  object  being  to  demonstrate,  if  possible,  the  effect 
of  each  of  the  food  components,  protein,  fat  and  carbohy- 
drates, as  found  in  different  feed  stuffs,  — linseed  meal,  glu- 
ten meal,  cotton  seed  meal,  etc., — upon  the  composition 
and  physical  characteristics  of  the  resulting  butter  fat.  In 
each  case  the  experiment  was  compared  with  a  standard  ration 
supposed  to  be  without  special  effect  on  the  butter  fat.  It 
is  evident  that  such  a  task  involves  a  large  amount  of  care- 
ful and  long-continued  work,  but  as  soon  as  positive  results 
are  obtained  they  will  be  published. 

Digestion  Experiments. 

Digestion  experiments  were  conducted  last  winter  and 
spring  in  the  same  careful  manner  as  in  previous  years,  using 
two  or  three  sheep  in  each  trial.  The  grains  fed  were  oat 
feed.  Parson's  $6  feed,  four  lots  of  "Bourbon"  distillers' 
grains  (brands  X.,  XX.,  XXX.  and  XXXX.),  rye  dis- 
tillers' grains,  Cleveland  flax  meal  and  Chicago  gluten  meal. 

The  digestion  coefficients,  together  with  complete  data, 
will  be  reported  at  a  later  date.  \ 
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Part  I. — Report  o:n^  Official  Inspectio:?^  of 
Commercial  Fertilizers  and  Agricultural 
Chemicals  durinc  the  Season  of  1899. 


CHARLES   A.    GOESSMANN. 


The  total  number  of  manufacturers,  importers  and  dealers 
in  commercial  fertilizers  and  agricultural  chemicals  who  have 
secured  licenses  during  the  past  season  is  67  ;  of  these,  38 
have  offices  for  the  general  distribution  of  their  goods  in 
Massachusetts,  10  in  New  York,  5  in  Connecticut,  3  in  Ver- 
mont, 3  in  Rhode  Island,  3  in  Canada,  2  in  Pennsylvania,  1 
in  Maine,  1  in  New  Jersey  and  1  in  Illinois. 
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Two  hundred  and  ninety-one  distinct  brands  of  fertilizer, 
including  chemicals,  have  been  licensed  in  the  State  during 
the  year. 

Three  hundred  and  eighty-four  samples  of  fertilizers  have 
thus  far  been  collected  in  the  general  markets  by  experienced 
assistants  in  the  station. 

Three  hundred  and  sixty-two  samples  were  analyzed  at  the 
close  of  November,  1899,  representing  289  distinct  brands 
of  fertilizer.  These  analyses  were  published  in  three  bulle- 
tins of  the  Hatch  Experiment  Station  of  the  Massachusetts 
Agricultural  College:  No.  59,  March;  No.  62,  July;  and 
No.  63,  November,  1899. 

The  samples  not  already  analyzed,  together  with  others 
that  may  be  collected  before  the  first  of  May,  1900,  will  be 
examined  with  a  view  of  being  published  in  our  spring 
bulletin. 

During  the  season  the  inspector  has  caused  samples  to  be 
taken  in  the  towns  and  villages  distributed  throughout  the 
State,  and  representing  each  county  within  the  Common- 
wealth. Wherever  more  than  one  sample  of  a  given  brand 
has  been  collected  in  different  parts  of  the  State,  a  composite 
sample  has  been  made  up  of  equal  weights  of  the  several 
samples,  and  an  analysis  made  of  the  homogeneous  mixt- 
ure. It  is  believed  that  an  analysis  of  this  nature  more 
fairly  represents  the  composition  of  the  fertilizer  than  the 
analysis  of  any  one  sample. 

It  has  not  always  been  possible  to  secure  a  complete  list 
of  the  samples  licensed  in  the  State  ;  but  as  thorough  a  can- 
vass as  possible  is  annually  made,  varying  more  or  less  the 
towns  to  be  visited  from  year  to  year,  as  seems  advisable  to 
the  inspector.  The  methods  of  sampling  are  those  laid  down 
by  our  State  laws  for  the  regulation  of  the  trade  in  com- 
mercial fertilizers. 

For  the  readers'  benefit  the  following  abstract  of  the  re- 
sults of  our  analyses  are  here  inserted  :  — 
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(a)  Where  three  essential  elements  of  plant  food  were  guaranteed :  — 
Number  with  three  elements  equal  to  or  above  the  highest  guarantee, 
Number  with  two  elements  above  the  highest  guarantee,     . 
Number  with  one  element  above  the  highest  guarantee, 
Number  with  three  elements  between  the  lowest  and  highest  guarantee. 
Number  with  two  elements  between  the  lowest  and  highest  guarantee, 
Number  with  one  element  between  the  lowest  and  highest  guarantee. 
Number  with  two  elements  below  the  lowest  guarantee,      . 
Number  with  one  element  below  the  lowest  guarantee, 

(6)  Where  two  essential  elements  of  plant  food  were  guaranteed  :  — 
Number  with  two  elements  above  the  highest  guarantee, 
Number  with  one  element  above  the  highest  guarantee, 
Number  with  two  elements  between  the  lowest  and  highest  guarantee. 
Number  with  one  element  between  the  lowest  and  highest  guarantee, 
Number  with  two  elements  below  the  lowest  guarantee. 
Number  with  one  element  below  the  lowest  guarantee,         .        . 

(c)  Where  one  essential  element  of  plant  food  was, guaranteed  :  — 

Number  above  the  highest  guarantee, 

Number  between  lowest  and  highest  guarantee, 

Number  below  lowest  guarantee, 


6 
17 
77 
85 
93 
54 
19 
90 

5 

24 

25 

17 

2 


16 
27 
73 
88 
84 
58 
19 
68 

7 

32 
20- 
2T 

2 
18 

10 
16 
10 


A  comparison  of  the  above-stated  results  of  our  inspection 
with  the  results  of  1898  shows,  on  the  whole,  a  marked 
superiority  in  favor  of  the  samples  analyzed  in  1899. 

Wherever  a  discrepancy  has  arisen  between  the  results  of 
our  analyses  and  the  manufacturer's  guarantee,  it  has  been 
evident  that  imperfect  mixing  has  been  the  cause,  and  not  a 
desire  of  the  manufacturer  to  place  inferior  goods  on  the 
market.  It  should  be  remembered,  when  purchasing  fer- 
tilizers, that  the  responsibility  of  the  manufacturer  or  dealer 
ends  with  furnishing  an  article  corresponding  in  its  composi- 
tion with  the  lowest  stated  guarantee  of  each  of  the  three 
essential  elements  of  plant  food. 

From  a  careful  scrutiny  of  the  results  of  analyses  published 
in  the  three  bulletins  during  the  year  it  becomes  an  easy  mat- 
ter for  the  farmer  to  intelligently  select  his  fertilizers  for  the 
next  year's  consumption,  always  bearing  in  mind  that  the 
fertilizer  costing  the  least  per  ton  is  not  always  the   most 
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economical  fertilizer  to  buy,  but  rather  the  one  that  will  fur- 
nish the  greatest  amount  of  nitrogen,  potassium  oxide  and 
phosphoric  acid,  in  a  suitable  and  available  form,  for  the 
same  money. 


Trade    Values   of  Fertilizing  Ingredients   in  Raw   Materials    and 
Chemicals,  1898  and  1899  (Cents  per  Pound). 


1S98. 


1899. 


Nitrogen  in  ammonia  salts,        . 

Nitrogen  in  nitrates, 

Organic  nitrogen  in  dry  and  fine  ground  fish,  meat,  blood  and  in  high 

grade  fertilizers. 
Organic  nitrogen  in  fine  bone  and  tankage, 

Organic  nitrogen  in  medium  bone  and  tankage 

Phosphoric  acid  soluble  in  water, 

Phosphoric  acid  soluble  in  ammonium  citrate, 

Phosphoric  acid  in  fine-ground  fish,  bone  and  tankage, 

Phosphoric  acid  in  cotton-seed  meal,  castor  pomace  and  wood  ashes, 

Phosphoric  acid  in  coarse  fish,  bone  and  tankage,  .... 


Phosphoric  acid  insoluble  (in  water  and  in  ammonium  citrate)  in  mixed 

fertilizers. 
Potash  as  sulfate  (free  from  chlorides) 

Potash  as  muriate, 


14.00 

13.00 

14.00 

13.50 

10.00 

4.50 

4.00 

4.00 

4.00 

3.50 

2.00 

5.00 

4.25 


15.00 

12.50 

14.00 

14.00 

10.00 

4.50 

4.0O 

4.00 

4.00 

2.0O 

2.00 

5.00 

4.25 


The  cost  of  some  of  the  leading  forms  of  nitrogen  shows 
an  increase,  as  compared  with  the  preceding  year,  1898. 

The  above  trade  values  are  based  on  the  market  cost, 
during  the  six  months  preceding  March,  1899,  of  standard 
raw  materials  which  are  largely  used  in  the  manufacture  of 
compound  fertilizers  found  in  our  markets 
is  a  list  of  such  materials  :  — 


The  following 


Sulfate  of  ammonia. 

Azotine. 

Cotton-seed  meal. 

Linseed  meal. 

Bone  and  tankage. 

Dissolved  bones. 

Acid  phosphate. 

High-grade  sulfate  of  potash. 

Sulfate  of  potash  and  magnesia. 

Sylvinite. 


Nitrate  of  soda. 

Dried  blood. 

Castor  pomace. 

Dry  ground  fish. 

Dry  ground  meat. 

Ground  phosphate  rock. 

Refuse  bone-black. 

Muriate  of  potash. 

Kainite. 

Crude  saltpetre. 
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Hoiv  to  use  the  table  of  trade  values  in  calculating  the  ap- 
proximate value  of  a  fertilizer:  Calculate  the  value  of  each 
of  the  three  essential  articles  of  plant  food  (nitrogen,  phos- 
phoric acid  and  potassium  oxide,  including  the  different 
forms  of  each  wherever  different  forms  are  recognized  in  the 
table)  in  one  hundred  pounds  of  the  fertilizer,  and  multiply 
each  product  by  twenty,  to  raise  it  to  a  ton  basis.  The 
sum  of  these  values  will  give  the  total  value  of  the  fertilizer 
per  ton  at  the  principal  places  of  distribution.  An  example 
will  suffice  to  show  how  this  calculation  is  made  :  — 


Analysis  of  Fertilizer   (Pounds  in    One  Hundred  Pounds   of 
Fertilizer) . 

Nitrogen, 4 

Soluble  phosphoric  acid, -.        .  8 

Reverted  phosphoric  acid, 4 

Insoluble  phosphoric  acid, 2 

Potassium  oxide  (as  sulfate), 10 


' 

Value  per 

One  Hundred 

Pounds. 

Value  per 

Two  Thousand 

Pounds. 

Pour  pounds  nitrogen,  at  14  cents, 

Eight  pounds  soluble  phosphoric  acid,  at  4J  cents,     . 
Four  pounds  reverted  phosphoric  acid,  at  4  cents. 
Two  pounds  insoluble  phosphoric  acid,  at  2  cents,     . 
Ten  pounds  potassium  oxide,  at  5  cents 

$0.56X20 
.36X20 
.16X20 
.04x20 
.50X20 

=$11.20 
=     7.20 
=     3.20 
=       .80 
=  10.00 
$32.40 

The  following  table  gives  the  average  analysis  of  officially 
collected  fertilizers  for  1899  :  — 
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List  of  Manufacturers  and  Dealers  who  have  secured  Certificates  for 
the  Sale  of  Commercial  Fertilizers  in  the  State  of  Massachusetts 
during  the  Past  Year  (May  1,  1899,  to  May  i,  1900),  and  the 
Brands  licensed  by  Each. 


The  Armour  Fertilizer  Works,  Chicago, 
111.  :  — 
Bone  Meal. 
Bone  and  Blood. 
Ammoniated  Bone  and  Potash. 
All  Soluble. 

Bone,  Blood  and  Potash. 
Grain  Grower. 
Fruit  and  Root  Crop  Special. 

Wm.  H.  Abbott,  Holyoke,  Mass. :  — 
Eagle  Brand  for  Grass  and  Grain. 
Complete  Tobacco  Fertilizer. 
Animal  Fertilizer. 

American  Cotton  Oil   Co.,  New  York, 
N.  Y. :  — 
Cotton-seed  Meal. 
Cotton-hull  Ashes. 

The  American  Jadoo  Co.,  Philadelphia, 
Pa.:  — 
Jadoo  Liquid. 

Butchers'   Rendering   Co.,   Fall  River, 
Mass. :  — 
Bone  and  Tankage. 

Bartlett&  Holmes,  Springfield,  Mass. :  — 
Pure  Ground  Bone. 
Animal  Fertilizer. 
Tankage. 

The  East  India  Chemical  Works  (H.  J. 
Baker  &  Bro . ,  proprietors) ,  New  York , 
N.  Y.:  — 

Standard  Un  X  Ld  Fertilizer. 

Special  Complete  Strawberry  Ma- 
nure. 

Special  Complete  Potato  Manure. 

Special  Complete  Cabbage  Manure. 

Special  Complete  Grass  and  Lawn. 

Complete  Manure  for  General  Use. 

Pure  Ground  Raw  Bone. 

Castor  Pomace. 

C   A.  Bartlett,  Worcester,  Mass. :  — 
Fine-ground  Bone 
Animal  Fertilizer. 

Berkshire  Mills  Co.,  Bridgeport,  Conn.  :— 
Complete  Fertilizer. 
Ammoniated  Bone  Phosphate. 


Hiram  Blanchard,  Eastport,  Me. :  — 


Fish,  Bone  and  Potash,  <'H.^B. 


Fish  Scrap  No.  2,  00>B. 

Bowker  Fertilizer  Co.,  Boston,  Mass. :  — 

Stockbridge  Special  Manures. 

Bowker's  Hill  and  Drill  Phosphate. 

Bowker's  Farm  and  Garden  Phos- 
phate. 

Bowker's  Lawn  and  Garden  Dress- 
ing. 

Bowker's  Special  Fertilizers. 

Bowker's  Potatoes  and  Vegetables. 

Bowker's  Fish  and  Potash,  Square 
Brand. 

Bowker's  Potato  Phosphate. 

Bowker's  Market-garden  Manure. 

Bowker's  Sure  Crop  Phosphate. 

Bowker's  High-grade  Fertilizer. 

Bowker's  Bone  and  Wood  Ash  Fer- 
tilizer. 

Bowker's  Essex  County  Fertilizer. 

Bowker's  Ground  Bone. 

Gloucester  Fish  and  Potash. 

Nitrate  of  Soda. 

Dissolved  Bone-black. 

Muriate  of  Potash. 

Sulfate  of  Potash. 

Dried  Blood. 

Wood  Ashes. 

William      E.      Brightman,      Tiverton, 
R.  I.:  — 
Brightman's  Potato  and  Root  Ma- 
nure. 
Brightman's  Phosphate. 
Brightman's  Fish  and  Potash. 

Bradley  Fertilizer  Co.,  Boston,  Mass. :  — 
Bradley's  Dry  Ground  Fish. 
Bradley's  Strawberry  Manure. 
Bradley's  English  Lawn  Fertilizer. 
Bradley's  New  Method  Fertilizer. 
Bradley's  Eclipse  Phosphate. 
Bradley's  Niagara  Phosphate. 
Bradley's  Columbian  Fish  and  Pot- 
ash. 
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Bradley  Fertilizer  Co.  —  Con. 

Bradley's  Circle  Brand  Extra  Fine- 
ground  Bone  with  Potash. 
Bradley's  X.  L.  Phosphate. 
Bradley's  Potato  Manure. 
Bradley's  Potato  Fertilizer. 
Bradley's  Complete  Manures. 
Bradley's  Fish  and  Potash. 
Bradley's  Corn  Phosphate. 
Bradley's  Fine-ground  Bone. 
Ammoniated  Bone  Phosphate. 
Brock's  Lawn  and  Garden  Dressing. 
Dissolved  Bone-black. 
Sulfate  of  Potash. 
Muriate  of  Potash. 
Nitrate  of  Soda. 
Kainite. 

Joseph  Breck  &  Sons.,  Boston,  Mass. :  — 
Breck's  Market-garden  Manure. 

Daniel  T.  Church,  Providence,  R.  I.  (E. 
Wilcox,  general  agent)  :  — 
Church's  B.  Special  Fertilizer. 
Church's  C.  Standard  Fertilizer. 
Church's  D.  Fish  and  Potash. 

Clark's    Cove    Fertilizer    Co.,    Boston, 


Clark's  Cove  Bay  State  Fertilizer, 
G.  G. 

Clark's  Cove  Kijig  Philip  Guano. 

Clark's  Cove  White  Oak  Pure 
Ground  Bone. 

Clark's  Cove  Bay  State  Potato  Ma- 
nure. 

Clark's  Cove  Great  Planet  Manure. 

Clark's  Cove  Bay  State  Fertilizer. 

Fish  and  Potash. 

Potato  Fertilizer. 

High-grade  Sulfate  of  Potash. 

Muriate  of  Potash. 

Nitrate  of  Soda. 

Cleveland  Dryer  Co.,  Boston,  Mass. :  — 
Cleveland  Fertilizer 
Cleveland  Potato  Phosphate. 
Cleveland  Superphosphate. 
Cleveland  Grass  Fertilizer. 
Cleveland   Corn  and    Grain    Phos- 
phate. 

E.  Frank  Coe  Co.,  New  York,  N.  Y.  :  — 
E.   Frank    Coe's   High-grade   Am- 
moniated Bone  Superphosphate. 
E.  Frank  Coe's  High-grade  Potato 
Fertilizer. 


E.  Frank  Coe  Co.  —  Con. 

E.  Frank  Coe's  Bay  State  Phos- 
phate. 

E.  F'rank  Coe's  Fish  Guano  and 
Potash. 

E.  Frank  Coe's  Gold  Brand  Excel- 
sior Guano. 

E.  Frank  Coe's  Tobacco  and  Onion 
Fertilizer. 

E.  Frank  Coe's  Vegetable  and  Vine 
Fertilizer. 

Crocker  Fertilizer  and  Chemical  Co., 
Buffalo,  N.  Y. :  — 

Crocker's  Vegetable  Bone  Super- 
phosphate. 

Crocker's  Special  Potato  Manure. 

Crocker's  General  Crop  Phosphate. 

Crocker's  A.  A.  Complete  Manure. 

Crocker's  Potato,  Hop  and  Tobacco 
Phosphate. 

Crocker's  Ammoniated  Wheat  and 
Corn  Phosphate. 

Crocker's  New  Rival  Ammoniated 
Superphosphate. 

Crocker's  New  England  Tobacco 
and  Potato  Grower. 

Cumberland  Bone  Phosphate  Co.,  Bos- 
ton, Mass. : — 

Cumberland  Phosphate. 
Cumberland  Potato  Fertilizer. 
Cumberland     Concentrated     Phos- 
phate. 
Cumberland  Fertilizer. 

Chas.  M.  Cox  &  Co.,  Boston,  Mass. :  — 
Cotton-seed  Meal. 

L  B.  Darling  Fertilizer  Co.,  Pawtucket, 
R.  I.:  — 
Potato  and  Root  Crop. 
Animal  Fertilizer. 
Blood,  Bone  and  Potash. 
Fine  Bone, 
Tobacco  Grower. 
Special  Formula. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Farm  Favorite. 

John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Pure  Ground  Bone. 

Eastern  Chemical  Co.,  Boston,  Mass. :  — 
Imperial  Liquid  Plant  Food. 
Imperial  Liquid  Grass  Fertilizer. 


222 


HATCH   EXPEEIMENT   STATION. 


[Jan. 


Elbert  &  Gardner,  New  York,  N.  Y. 
Cotton-seed  Meal. 


Wm.  E.  Fyfe  &  Co.,  Clinton, 
Canada  Wood  Ashes. 

T.  H.  Frowley,  Brookline,  Mass. :  — 
Wood  Ashes. 

Great  Eastern  Fertilizer  Co.,  Rutland, 
Vt.:  — 
Garden  Special. 
Vegetable,  Vine  and  Tobacco. 
Northern  Corn  Special. 
General  Fertilizer. 
Grass  and  Oats. 

Thomas  Hersom  &  Co.,  New  Bedford, 
Mass. :  — 
Bone  Meal. 
Meat  and  Bone. 

F.     E.     Hancock,     Walkerton,    Ont., 
Can.  :  — 
Canada       Unleached       Hardwood 
Ashes. 

Thomas  Kirley,   South    Hadley  Falls, 
Mass. :  — 
Pride  of  the  Valley. 

Lowell  Fertilizer  Co.,  Boston,  Mass. :  — 
Swift's  Lowell  Bone  Fertilizer. 
Swift's  Lowell  Animal  Brand. 
Swift's  Lowell  Potato  Phosphate. 
Swift's  Lowell  Market  Garden  Ma- 
nure. 
Swift's  Lowell  Fruit  and  Vine. 
Swift's  Lowell  Lawn  Dressing. 
Swift's  Lowell  Tobacco  Manure. 
SN^'ift's  Lowell  Ground  Bone. 
Swift's  Dissolved  Bone  and  Potash. 

Lister's  Agricultural  Chemical  Works, 
Newark,  N.  J. :  — 
Lister's  Success  Fertilizer. 
Lister's  Special  Potato  Fertilizer. 
Lister's  Celebrated  Onion  Fertilizer. 
Lister's  Special  Tobacco  Fertilizer. 
Lister's     High-grade     Special    for 
Spring  Crops. 

Lowe  Bros.  &  Co.,  Fitchburg,  Mass. :  — 
Tankage. 

F.  R.  Lalor,  Dunnville,  Ontario,  Can. :  — 
Canada  Hardwood  Ashes. 


The  Mapes  Formula  and  Peruvian  Guano 
Co.,  New  York,  N.  Y. :  — 
Mapes  Bone  Manures. 
Mapes  Superphosphates. 
Mapes  Special  Crop  Manures. 
Economical  Potato  Manure. 
Tobacco  Ash  Constituents. 
Sulfate  of  Potash. 
Sulfate  of  Ammonia. 
Nitrate  of  Soda. 
Double  Manure  Salt. 

Geo.  L.  Munroe,  Oswego,  N.  Y. :  — 
Pure     Canada     Unleached     Wood 
Ashes. 

McQuadeBros.,  West  Auburn,  Mass. :  — 
Fine-ground  Bone. 

E.  McGarvey  &  Co.,  London,  Ontario, 
Can.; — 
Unleached  Hardwood  Ashes. 

Niagara   Fertilizer   Works,   BuflFalo, 
N.  Y.  :  — 
Niagara  Wheat  and  Corn  Producer. 
Niagara  Potato,  Tobacco  and  Hop 
Fertilizer. 

Pacific  Guano  Co.,  Boston,  Mass. :  — 
High-grade  General  Fertilizer. 
Soluble  Pacific  Guano. 
Potato  Special. 
Nobsque  Guano. 
Grass  and  Grain  Fertilizer. 
Pacific  Guano   with  ten   per  cent. 

Potash. 
Fish  and  Potash. 
Special  Potato  Manure. 

Packers  Union  Fertilizer  Co.,  New  York, 
N.  Y.-:- 
Animal  Corn  Fertilizer. 
Potato  Manure. 
Universal  Fertilizer. 
Wheat,  Oats  and  Clover. 
Gardeners'  Complete  Manure. 

A.  W.  Perkins  &  Co.,  Rutland,  Vt. ;  — 
Plantene. 

Parmenter   &    Polsey   Fertilizer   Co., 
Peabody,  Mass. :  — 
Special    Strawberry    Brand   Fertil- 
izer. 
Plymouth  Rock  Brand. 
Special  Potato  Fertilizer. 
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Parmenter    &    Polsey   Fertilizer    Co. 
—  Con. 
P.  &  P.  Potato  Fertilizer. 
Star  Brand  Superphosphate. 
A.  A.  Brand. 
Ground  Bone. 
Muriate  of  Potash. 
Nitrate  of  Soda. 

Prentiss,     Brooks    &     Co.,    Holyoke, 
Mass. :  — 
Complete  Manures. 
Superphosphate. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Sulfate  of  Potash. 

Quinnipiac  Co.,  Boston,  Mass. :  — 
Quinnipiac  Onion  Manure. 
Quinnipiac  Havana  Tobacco  Fertili- 
zer. 
Quinnipiac  Dry  Ground  Fish. 
Quinnipiac  Phosphate. 
Quinnipiac  Potato  Manure. 
Quinnipiac  Market-garden  Manure. 
Quinnipiac  Fish  and  Potash. 
Quinnipiac  Grass  Fertilizer. 
Quinnipiac  Corn  Manure. 
Quinnipiac  Potato  Phosphate. 
Quinnipiac  Climax  Phosphate. 
Quinnipiac  Pure  Bone  Meal. 
Dissolved  Bone-black. 
Nitrate  of  Soda. 
Muriate  of  Potash. 
Sulfate  of  Potash. 

The  Rogers  &  Hubbard  Co.,  Middle- 
town,  Conn. : — 

Hubbard's  Pure  Raw  Knuckle  Bone 
Flour. 

Hubbard's  Strictly  Pure  Fine  Bone. 

Hubbard's  Potato  Phosphate. 

Hubbard's  Fertilizer  for  All  Soils 
and  All  Crops. 

Hubbard's  Fertilizer  for  Oats  and 
Top-dressing. 

Hubbard's  Soluble  Potato  Manure. 

Hubbard's  Soluble  Tobacco  Ma- 
nure. 

Hubbard's  Fairchild's  Formula  for 
Corn  and  General  Crops. 

Hubbard's  Grass  and  Grain  Fer- 
tilizer. 

N.  Roy   &    Son,   South    Attleborough, 
Mass. :  — 
Complete  Animal  Fertilizer. 


Russia  Cement  Co.,  Gloucester,Mass. :  — 
Essex  Fish  and  Potash. 
Essex  Potato  Fertilizer. 
Essex  Corn  Fertilizer. 
Essex  Complete  Manure  for  Corn, 

Grain  and  Grass. 
Essex  Complete  Manure  for  Potato, 

Roots  and  Vegetables. 
Essex  Odorless  Lawn  Dressing. 
Essex  Dry  Ground  Fish. 

Read  Fertilizer  Co.,  New  York,  N.  Y. 
(D.  H.  Foster,  general  agent) :  — 
Read's  Standard. 
Practical  Potato  Special. 
Bone,  Fish  and  Potash. 
Vegetable  and  Vine. 

Lucien  Sanderson,  New  Haven, Conn. :  — 
Sanderson's  Old  Reliable. 
Sanderson's  Potato  Manure. 
Sanderson's  Formula  A. 
Sanderson's  Blood,  Bone  and  Meat. 
Sanderson's  Nitrate  of  Soda. 
Sanderson's  Dissolved  Bone-black. 
Sanderson's  Sulfate  of  Potash. 
Sanderson's  Muriate  of  Potash. 

Standard  Fertilizer  Co.,  Boston, Mass. :  — 
Standard  Fertilizer. 
Standard  Special  for  Potatoes. 
Standard  Guano. 
Standard  Complete  Manure. 

M.  L.  Shoemaker  &  Co.,  Limited,  Phila- 
delphia, Pa. :  — 
Swift  Sure  Superphosphate  for  Gen- 
eral Use. 

F.  C.  Sturtevant,  Hartford,  Conn. :  — 
Sturtevant's    (jranulated    Tobacco 
and  Sulphur. 

Edward      H.     Smith,     Northborough, 
Mass. :  — 
Smith's  Ground  Bone. 

Thomas  L.  Stetson,  Randolph,  Mass. :  — 
Ground  Bone. 

The    South    Sea    Guano    Co.,    Boston, 
Mass. :  — 
South  Sea  Guano. 

E.  A.Tompkins,  Jamaica Plain,Mas8. :  — 
Ferti  Flora. 
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Henry  F.  Tucker  Co.,  Boston,  Mass. :  — 

Tucker's  Original  Bay  State  Bone 
Superphosphate. 

Tucker's  Imperial  Bone  Superphos- 
phate. 

Tucker's  Special  Potato  Fertilizer. 

Tucker's  Bay  State  Special. 

I.  S.  Whittemore,  Wayland,  Mass. :  — 
Complete  Manure. 

Darius  Whithed,  Lowell,  Mass. :  — 
Champion  Animal  Fertilizer. 
Flour  of  Bone. 

The  Wilcox  Fertilizer  Works,  Mystic, 
Conn. : — 
Potato,  Onion  and  Tobacco  Manure. 
High-grade  Fish  and  Potash. 
Dry  Ground  Fish  Guano. 
Fish  and  Potash. 

Williams  &  Clark  Fertilizer  Co.,  Boston, 
Mass. :  — 
Ammoniated  Bone  Superphosphate. 
Prolific  Crop  Producer. 
Potato  Phosphate. 
High-grade  Special. 
Royal  Bone  Phosphate. 
Corn  Phosphate. 


Williams  &  Clark  Fertilizer  Co.  —  Con. 
Potato  Manure. 
Grass  Manure. 
Fish  and  Potash. 
Onion  Manure. 
Bone  Meal. 
Dry  Ground  Fish. 
Muriate  of  Potash. 
Sulfate  of  Potash. 
Nitrate  of  Soda. 
Dissolved  Bone-black. 

M.  E.  Wheeler  &  Co.,  Rutland,  Vt.  :  — 
Superior  Truck  Fertilizer. 
Havana  Tobacco  Fertilizer. 
Potato  Manure. 
Corn  Fertilizer. 
Fruit  Fertilizer. 
Royal  Wheat  Grower. 
Grass  and  Oats. 

A.  L.  Warren,  Northborough,  Mass. :  — 
Fine-ground  Bone. 

Sanford  Winter,  Brockton,  Mass. :  — 
Fine-ground  Bone. 

J.  M.  Woodard  &  Brother,  Greenfield, 
Mass. :  — 
Tankage. 
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Part  II.  —  Report   ojs^  General  Work  en^   the 
Chemical   Laboratory. 


CHARLES   A.    GOESSMANN. 


1.  Analyses  of  materials  sent  on  for  examination. 

2.  Notes  on  wood  ashes  and  condition  of  the  trade. 

1.     Analyses  of  Materials  sent  on  for  Examination. 

During  the  past  season  225  materials  have  been  received, 
and  the  results  of  our  examination  have  been  published  in 
detail  in  bulletins  59,  62  and  63  of  the  Hatch  Experiment 
Station  of  the  Massachusetts  Agricultural  College,  together 
with  the  results  of  the  official  inspection  of  commercial  fer- 
tilizers. 

The  responsibility  of  the  genuineness  of  the  articles  sent 
on  for  examination  rests  in  all  cases  with  the  parties  asking 
for  analyses,  and  our  publication  of  results  merely  refers  to 
the  locality  they  come  from.  It  is  evident,  from  the  increase 
each  year  of  the  number  of  materials  sent  in  for  analysis,  that 
there  is  a  growing  interest  taken  in  this  work,  and  individuals 
are  realizing  the  value  of  such  chemical  investigations. 

The  waste  products  of  many  industries  are  of  such  a  nature 
that  their  value  as  manurial  substances  is  unlimited  and  the 
current  modes  of  manufacture  are  constantly  undergoing 
changes  which  aflect  seriously  their  commercial  manurial 
value.  A  frequent  investigation  of  this  class  of  materials 
cannot  help  but  prove  beneficial  to  the  farmer,  and  hence 
arrangements  will  be  made,  as  in  previous  years,  to  attend 
to  the  examination  of  these  materials  to  the  full  extent  of  our 
resources.  This  work  is  carried  on  free  of  charge  to  the 
farmers  of  this  State,  the  results  of  analysis  being  returned 
in  the  order  of  the  arrival  of  samples  at  the  office.     Below 
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is  given  a  partial  list  of  materials  received  during  the  past 
season,  which  shows  the  general  nature  of  the  work :  — 


Wood  ashes. 
Sulfate  of  potash. 
Muriate  of  potash. 
Nitrate  of  soda. 
Sulfate  of  ammonia. 
Acid  phosphates. 
Sulfate    of    potash 

nesia. 
Ground  bone. 
Complete  fertilizers. 
Minerals. 
Liquid  fertilizers. 
Soils. 

Dried  pig's  blood. 
Lime-kiln  ashes. 
Glucose  sugar  refuse 


and 


mag- 


Damaged  grain. 

Insecticides. 

Composts. 

Refuse  from  glass  factory. 

Cotton-seed  meal. 

Cotton-hull  ashes. 

Tankage. 

Wool  shoddy. 

Jadoo  fibre. 

Plaster. 

Forage  crops. 

Soot. 

Spent  bone-black. 

Brick-yard  ashes. 

Sludge. 


These,  together  with  other  manurial  products  common  to 
commercial  and  agricultural  industries,  are  carefully  inves- 
tigated, and  the  results  of  our  examination  are  free  to  those 
who  may  desire  such  information. 

2.     Notes  on  Wood  Ashes. 

This  subject  has  engaged  our  attention  for  past  seasons 
and  has  been  discussed  at  length  in  previous  reports. 

During  the  past  year  (1899)  24.4  per  cent,  of  the  mate- 
rials sent  on  for  analysis  consisted  of  wood  ashes,  as  against 
40.1  per  cent,  the  previous  year  (1898). 

The  wood  ashes  sold  for  manurial  purposes  in  our  State 
are  subject  to  official  inspection,  and  the  dealers  in  this  com- 
modity must  secure  a  license  to  sell  before  they  can  legally 
advertise  their  article.  The  goods  must  be  sold  on  a  guar- 
anteed analysis,  stating  their  percentages  of  potash  and  of 
phosphoric  acid  present,  and  this  analysis  must  be  fastened 
to  each  package  or  car  that  contains  them.  As  the  dealer  is 
obliged  only  to  guarantee  the  amount  of  potash  and  of  phos- 
phoric acid  present  in  the  ashes,  no  objection  can  be  raised 
regarding  the  amount  of  moisture,  so  long  as  the  specified 
amount   of  those    two   elements    is    present.      Wood   ashes 
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ought  to  be  bought  and  sold  by  weight  and  not  by  measure, 
for  both  moisture  and  the  general  character  of  foreign  mat- 
ters are  apt  to  seriously  affect  the  weight  of  a  given  volume. 


Ko.  OF  Samples. 

1898. 

1899. 

Moisture  below  1  per  cent, 

2 

Moisture  from  1  to  3  per  cent., 

9 

6 

Moisture  from  3  to  6  per  cent., 

6 

4 

Moisture  from  6  to  10  per  cent., 

20 

11 

Moisture  from  10  to  15  per  cent., 

22 

28 

Moisture  from  15  to  20  per  cent.. 

16 

7 

Moisture  from  20  to  30  per  cent.. 

6 

1 

Moisture  above  30  per  cent,    . 

- 

1 

Potassium  oxide  above  8  per  cent.. 

4 

4 

Potassium  oxide  from  7  to  8  per  cent., 

6 

9 

Potassium  oxide  from  6  to  7  per  cent.. 

8 

13 

Potassium  oxide  from  5  to  6  per  cent., 

22 

7 

Potassium  oxide  from  4  to  5  per  cent., 

25 

19 

Potassium  oxide  from  3  to  4  per  cent., 

11 

2 

Potassium  oxide  below  3  per  cent, . 

3 

2 

Phosphoric  acid  above  2  per  cent.,  . 

6 

4 

Phosphoric  acid  from  1  to  2  per  cent.. 

60 

43 

Phosphoric  acid  below  1  per  cent.,  . 

13 

10 

Average  per  cent,  of  calcium  oxide  (lime), 

33.60 

34.10 

Per  cent,  mineral  matter  insoluble  in  d: 

luted 

hydrochloric  acid :  — 

Below  5, 

1 

— 

5  to  10,    

16 

16 

10  to  15, 

31 

26 

15  to  20, 

15 

7 

20  to  30, 

13 

5 

Above  30, 

— 

2 

Cotton-hull  Ashes. — This  waste  product  is  receiving  in- 
creased attention  from  the  farmers,  and  is  an  article  of  great 
merit.  The  samples  received  this  year  analyze  from  21  to 
29  per  cent,  of  potash,  and  are  especially  adapted  to  tobacco 
growing  on  account  of  the  large  proportion  of  carbonate  of 
potash  present,  this  form  of  potash  being  the  most  valuable 
one  known  for  that  purpose. 

Sludge.  —  At  the  present  time  the  larger  cities  are  col- 
lecting all  waste  debris  in  reservoirs,  and  subjecting  it  to 
chemical  treatment  for  recovery  of  fertilizing  ingredients. 
This  source  of  plant  food  is  often  within  easy  reach  of  the 
farmer,  and  may  be  turned  to  good  advantage,  as  is  seen 
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from  the  average  analysis  :  nitrogen,  1.31  per  cent.  ;  potash, 
.16  per  cent.  ;  phosphoric  acid,  .86  per  cent.  ;  lime,  1.13  per 
cent. 

Hen  Manure.  —  In  this  ingredient  we  have  a  very  rich 
fertilizer  and  a  material  that  is  worthy  of  careful  treatment. 
To  save  the  nitrogen  that  otherwise  might  pass  into  the  air 
a  "fixer"  is  a  necessity.  Two  samples  received  at  the 
laboratory  were  analyzed,  as  follows  :  — 


SAMPLES. 

Nitrogen 
(Percent.). 

Potash 
(Per  Cent.). 

Phosphoric 

Acid 
(Per  Cent.). 

Sample  I.,   .        .        . 

Sample  11., 

.46 
.42 

1.12 
.43 

.69 
.63 

No.  I.  was  treated  with  kainite,  a  material  analyzing  on  an 
average  16  per  cent,  potash,  and  a  substance  capable  of  fix- 
ing the  ammonia,  thereby  saving  this  element  and  at  the 
same  time  supplementing  the  manure  in  potash,  — the  ingre- 
dient which  it  is  deficient  in.  This  application  of  an  am- 
monia fixer  may  be  applied  to  all  animal  refuse  products, 
and,  as  is  seen,  has  a  twofold  action,  — the  saving  of  nitrogen 
and  the  supplementing  of  potash. 

Cotton-seed  Meal.  —  This  material  still  holds  its  own  and 
is  a  recognized  standard  article,  a  source  of  nitrogen  sought 
by  tobacco  growers.  Its  high  standard  has  been  maintained 
as  in  previous  seasons. 
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Massachusetts  Agricultural  College, 
Amherst,  Jan.  2,  1901. 

To  His  Excellency  W.  Murray  Crane. 

Sir  :  —  I  have  the  honor  to  transmit  herewith,  to  Your 
Excellency  and  the  Honorable  Council,  the  thirty-eighth 
annual  report  of  the  trustees  of  the  Massachusetts  Agricult- 
ural College. 

I  am,  very  respectfully,  your  obedient  servant, 

HENRY   H.    GOODELL, 

President. 
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CALENDAR    FOR    1901-1902. 


June  18,  Tuesday,  I 


January  2,  1901,  Wednesday,  winter  term  begins,  at  8  a.m. 
March  21,  Thursday,  winter  term  closes,  at  10.15  a.m. 
April  3,  Wednesday,  spring  term  begins,  at  8  a.m. 
June  15,  Saturday,  Grinnell  prize  examination  of  the  senior  class 
in  agriculture. 

[  Baccalaureate  sermon. 
June  16,  Sunday,     -I  Address  before   the   College  Young   Men's 
[  Christian  Association, 

j^  Burnham  prize  speaking. 
June  17,  Monday,    -1  Flint  prize  oratorical  contest. 
[  Class-day  exercises. 
Meeting  of  the  alumni. 
Reception  by  the  president  and  trustees. 
June  19,  Wednesday,  commencement  exercises. 
June  20-21,  Thursday  and  Friday,  examinations  for  admission,  at 
9  a.m.,  Botanic  Museum,  Amherst;    at  Jacob  Sleeper  Hall, 
Boston  University,  12   Somerset   Street,    Boston;    at  Sedg- 
wick Institute,  Great  Barrington  ;   and  at  Horticultural  Hall, 
Worcester. 
September  17-18,  Tuesday  and  Wednesday,  examinations  for  ad- 
mission, at  9  A.M.,  Botanic  Museum. 
September  19,  Thursday,  fall  semester  begins,  at  8  a.m. 
December  19,  Thursday,      j 

to  )■  winter  vacation. 

January  2,  1902,  Thursday,  j 
February  5,  Wednesday,  fall  semester  ends. 
February  6,  Thursday,  spring  semester  begins,  at  8  a.m. 
March  29,  Saturday,  ] 

to  (■  spring  recess. 

April  2,  Wednesday,  j 
June  18,  Wednesday,  commencement  exercises. 


ANNUAL  REPORT  OF  THE  TRUSTEES 


MASSACHUSETTS  AGEICULTUEAL   COLLEGE. 


His  Excellency  the  Governor  and  the  Honorable  Council. 

In  the  year  just  elapsed,  the  college  has  been  called  to 
mourn  the  death  of  two  of  its  trustees  and  two  of  its  students. 

May  2,  1900,  there  passed  away  John  D.  W.  French,  for 
ten  years  a  trustee.  Deeply  interested  in  the  agriculture 
and  horticulture  of  his  native  State,  he  held  many  important 
and  prominent  offices.  He  was  president  of  the  Ayrshire 
Breeders'  Association,  president  of  the  New  England  Milk 
Producers'  Union,  president  of  the  Bay  State  Agricultural 
Society,  and  had  seen  long  service  in  the  American  Forestry 
Association  and  the  Massachusetts  Horticultural  Society. 
A  man  of  fine  business  capacity,  he  introduced  into  every- 
thing he  touched  the  same  order  and  regularity  with  which 
he  conducted  his  own  aflfairs.  Strictly  conscientious  and 
faithful,  he  brought  to  the  performance  of  every  duty  his 
best  endeavors.  A  wise  counsellor  and  true  friend,  he  will 
long  be  missed  on  the  board  of  trustees. 

September  4  of  the  same  year,  after  a  long  and  painful 
illness,  there  passed  away  James  S.  Grinnell,  for  twenty- 
two  years  a  trustee  of  the  college,  and  for  many  years  the 
presiding  officer  of  its  board  of  trustees.  Like  his  lamented 
colleague,  he  was  strongly  identified  with  the  agriculture  of 
the  State,  taking  an  active  part  in  everything  that  would 
further  its  interests.  A  man  of  singularly  happy  and  cheer- 
ful temperament,  he  was  welcomed  at  every  fireside  and  was 
widely  known  throughout  the  Commonwealth,  an  accom- 
plished scholar,  a  polished  gentleman.  Loyal  to  the  college 
and  its  best  interests,  he  stood  stanchly  by  it  in  the  years  of 
its  depression,  and  lived  to  see  it  occupying  the  honorable 
position  it  now  holds. 


10  AGRICULTURAL   COLLEGE.  [Jan. 

About  the  usual  number  of  young  men  presented  them- 
selves this  year  for  entrance,  and  forty  were  received.  With 
those  -taking  the  short  winter  courses  and  the  additions  to 
our  graduate  courses,  the  attendance  has  considerably  in- 
creased over  the  years  immediately  preceding.  The  grad- 
uate courses  for  master  of  science  and  doctor  of  philosophy 
seem  to  have  commended  themselves  to  the  popular  judg- 
ment. We  have  in  attendance  graduates  of  Harvard,  Brown, 
Bates,  Smith  and  Tokyo,  besides  those  from  our  own  college, 
and  applications  from  the  Connecticut  College  of  Agriculture 
to  join  the  next  class.  The  courses  in  entomology  and 
botany  are  unusually  complete,  and  we  know  of  no  other 
institution  in  the  country,  or  in  fact  in  the  world,  where  a 
like  training  and  like  opportunities  in  the  former  are  to  be 
found. 

By  a  rearrangement  of  the  work.  Dr.  Henry  T.  Fernald 
takes  the  elementary  work  of  entomology  in  junior  year 
as  a  preparation  to  advanced  elective  work  in  senior  year, 
while  Professor  Lull  offers  an  elective  in  advanced  zoology. 

George  Francis  Babb,  a  graduate  of  Bates  College  in 
1891,  has  been  added  to  the  corps  of  instructors,  making  it 
possible  to  offer  to  the  senior  class  an  elective  in  advanced 
French. 

It  has  been  deemed  advisable  to  divide  the  college  year 
into  two  terms  or  semesters,  for  the  following  reasons : 
First,  the  desirability  of  making  the  summer  vacation  longer 
than  it  now  is.  Many  of  the  students  depend  upon  what 
they  earn  in  the  summer  for  the  payment  of  their  college 
expenses.  Some  have  found  it  impossible  to  secure  desir- 
able jobs  if  obliged  to  leave  them  the  first  week  in  Septem- 
ber. If,  then,  the  summer  vacation  be  made  longer,  the 
winter  and  spring  vacations  must  be  shortened,  so  as  to  leave 
approximately  the  same  number  of  weeks  as  before  in  the 
college  year.  Second,  it  is  believed  that  the  educational 
interests  of  the  students  will  be  subserved  by  having  two 
principal  examinations  during  the  year,  instead  of  three. 
Frequent  tests  will  continue  to  be  given,  and  these  two 
examinations  are  sufficient  for  all  the  advantages  that  exam- 
inations give.  Third,  the  semester  plan  makes  possible  a 
simpler  and  more  effective  arrangement  of  subjects  taught  in 


1901.]  PUBLIC  DOCUMENT  — No.  31.  11 

the  college.  It  has  frequently  been  found  difficult  to  adapt 
the  work  in  some  of  the  departments  to  the  three-terms  plan, 
because  the  subjects  taught  in  one  term  overlap  into  the  fol- 
lowing term,  and  it  is  not  an  easy  problem  to  arrange  the 
schedule  so  that  the  work  may  be  done  in  succeeding  terms. 
To  all  this  it  may  be  added  that  other  institutions  doing 
similar  work  to  that  done  in  this  college  have  adopted  the 
semester  plan,  and  are  pleased  with  its  practical  working. 

The  library,  under  the  efficient  management  of  a  trained 
librarian,  is  rapidly  increasing  in  value,  and  taking  its  place 
as  one  of  the  most  important  factors  in  the  education  of  the 
student.  It  now  numbers  21,655  volumes,  divided  into  ten 
libraries  or  classes,  as  follows  :  general  works,  131  volumes; 
philosophy,  143  volumes  ;  religion,  234  volumes  ;  sociology, 
2,179  volumes;  philology,  60  volumes;  natural  science, 
7,882  volumes ;  useful  arts,  8,055  volumes ;  fine  arts,  160 
volumes;  literature,  1,392  volumes;  history,  1,419  volumes. 
Agriculture  in  the  useful  arts  naturally  leads  the  list,  with 
3,438  volumes,  followed  by  botany  with  2,108  volumes, 
entomology  with  1,257  volumes,  and  veterinary  with  428 
volumes. 

A  special  division  has  been  made  for  histories  of  the  towns 
of  the  Commonwealth,  and  already  over  fifty  have  been  con- 
tributed. There  is  no  more  fascinating  way  of  studying  the 
history  of  our  Commonwealth  than  through  the  histories  of 
its  towns,  and  we  gladly  welcome  this  new  feature  in  its 
management. 

Under  certain  prescribed  regulations,  the  privileges  of  the 
library  are  extended  outside  the  college,  and  thus  it  is  doing 
its  educational  work  not  only  among  the  students,  but  also 
among  the  citizens  of  the  Commonwealth. 

The  college  has  been  called  upon  to  prepare  the  agricultu- 
ral and  horticultural  exhibit  of  Massachusetts  for  the  Pan- 
American  Exposition  in  1901.  It  will  be  largely  illustrative, 
and  by  comparison  rather  than  by  actual  specimens. 

In  horticulture  there  are  five  cases,  illustrative  of  its 
progress  during  the  last  hundred  years,  containing  colored 
models  of  original  fruits  and  vegetables,  side  by  side  with 
the  latest  and  improved  varieties.  It  is  an  object  lesson  of 
the  simplest  kind,  but  of  the  greatest  educational  value. 
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In  botany  are  four  exhibits  :  first,  a  dozen  plates  illustrat- 
ing the  structure  and  development  of  the  nematode  worms, 
so  ruinous  to  the  cucumbers,  tomatoes  and  other  crops 
grown  under  glass,  and  supplemented  by  plates  showing  the 
methods  used  for  sterilizing  the  soil  and  thus  killing  the 
nematode  foe ;  second,  eighteen  types,  mounted  on  glass  in 
glycerin-gelatine,  of  fungous  diseases  of  Massachusetts,  af- 
fecting the  growth  and  perfection  of  the  leaf;  third,  a  series 
of  diagrams  showing  (a)  the  influence  of  electricity  upon 
plant  growth  and  (b)  the  difierent  kinds  of  apparatus  used 
for  electrically  stimulating  the  germination  of  seeds ;  fourth, 
a  set  of  mounted  sections  of  wood  of  some  sixty  specimens 
of  the  trees  of  Massachusetts.  There  are  three  sections  of 
the  thinness  of  paper  of  each  specimen,  one  section  being  cut 
perpendicular,  another  tangential  and  a  third  radial,  thus 
showing  the  grain  of  the  wood  from  every  part  of  the  tree. 
Accompanying  each  set  of  three  are  two  photographs,  one 
of  the  tree  in  full  foliage  and  the  other  bare  and  denuded  of 
leaves. 

In  agriculture  are  a  series  of  charts  depicting  graphically 
the  acreage  of  Massachusetts  in  cereals,  root  and  other  crops, 
compared  with  the  acreage  of  the  same  crops  in  three  or  four 
of  the  great  agricultural  States  of  the  Union ;  a  second 
series,  comparing  the  dairy  products  ;  and  a  third,  the  yield 
per  acre,  cost  and  value  of  the  same.  These  charts  cover  a 
period  of  forty  years,  and  are  exceedingly  valuable  and 
instructive. 

It  is  a  matter  of  congratulation  that  the  Morrill  annuity  of 
1890,  for  the  further  maintenance  and  support  of  the  agri- 
cultural and  mechanical  colleges  established  under  the  pro- 
visions of  the  act  of  1862,  and  the  annuity  of  1887,  secured 
by  Mr.  Hatch  for  the  establishment  and  maintenance  of 
experiment  stations,  have  been  placed  upon  an  absolutely 
secure  foundation.  It  will  be  recollected  that  both  were 
made  dependent  upon  the  proceeds  of  the  sale  of  public 
lands.  Every  free  homestead  measure,  by  giving  away  pub- 
lic land,  withdrew  a  like  amount  from  the  source  of  our 
income.  For  the  past  five  or  six  years  a  measure  has  been 
before  Congress  giving  away  to  bona  fide  settlers  seventy 
million  acres.     Beaten  in  one  Congress,  it  has  revived  in 
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the  next,  and  was  finally  passed  in  the  first  session  of  the 
present  Congress,  but  with  the  following  proviso:  ^^  Pro- 
vided, however,  that  in  the  event  that  the  proceeds  of  the 
annual  sales  of  the  public  lands  shall  not  be  sufficient  to  meet 
the  payments  heretofore  provided  for  agricultural  colleges  and 
experiment  stations,  by  an  act  of  Congress  approved  August 
thirtieth,  eighteen  hundred  and  ninety,  for  the  more  com- 
plete endowment  and  support  of  the  colleges  for  the  benefit 
of  agriculture  and  mechanic  arts,  established  under  the  pro- 
visions of  an  act  of  Congress  approved  July  second,  eighteen 
hundred  and  sixty-two,  such  deficiency  shall  be  paid  by  the 
United  States." 

It  seems  proper  at  this  time  to  speak  of  the  condition  of 
the  college  buildings  and  the  necessity  for  certain  repairs. 
A  number  of  them  have  been  in  existence  for  thirty-two 
years,  and  require  more  or  less  attention  to  keep  them  from 
going  to  decay  and  ruin.  The  drill  hall,  barn,  chemical 
laboratory,  plant  houses,  botanical  museum  and  president's 
house  are  urgently  in  need  of  painting.  In  the  drill  hall 
bathing  facilities  or  shower  baths  are  a  matter  of  necessity, 
that  students  after  exercising  may  have  a  chance  to  properly 
cleanse  themselves  before  going  to  their  rooms.  There  are  at 
present  only  four  bath  tubs  for  the  use  of  the  college,  —  a 
provision  entirely  inadequate.  In  the  laboratory  for  vegeta- 
ble pathology  and  physiology  a  small  sum  is  needed  to  relay 
the  tracks  by  which  those  plants  under  observation  can  be 
run  in  and  out  of  the  building,  and  to  provide  bottles  for 
specimens.  The  botanical  museum  requires  shoring  up,  in 
order  that  the  delicate  instruments  used  in  investigation 
may  have  a  firm  basis  on  which  to  stand ;  and  an  additional 
floor  requires  to  be  laid,  to  prevent  the  coal  dust  and  ashes 
from  coming  up  and  covering  everything  in  laboratory 
and  recitation  room  when  classes  are  at  work.  Further- 
more, new  cases  are  needed  to  properly  bouse  the  growing 
collections.  The  most  pressing  need  of  the  college  is  a  new 
boarding-house.  The  old  one,  built  under  pressure  and 
against  time  some  thirty  years  ago,  has  outlasted  its  useful- 
ness and  should  be  replaced.  It  is  only  the  shell  of  a  build- 
ing, which  has  been  patched  up  over  and  over  again,  till  it 
is  hard  telling  what  part  belongs  to  the  original  structure. 
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It  is  dark,  cheerless  and  unsanitary,  and  to  put  it  in  proper 
condition  (and  it  would  then  be  only  an  old  building)  would 
require  nearly  as  much  as  a  new  house. 

To  provide,  then,  for  these  several  items,  to  wit,  painting 
the  different  college  buildings,  repairing  the  laboratory  of 
vegetable  pathology  and  the  botanic  museum,  providing  ad- 
ditional bathing  facilities  and  equipment  for  the  museum,  and 
making  adequate  provision  for  a  boarding-house,  the  sum 
of  twenty-three  thousand  one  hundred  dollars  is  asked  for. 

Eespectfully  submitted,  by  order  of  the  trustees, 

.  HENRY  H.  GOODELL, 

President. 
Amherst,  Jan.  2,  1901. 
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THE   COEPORATIOK. 


ELIJAH   W.  WOOD  of  West  Newton, 
CHARLES   A.  GLEASON  of  New  Braintree, 
JAMES   DRAPER  of  Worcester,  . 
SAMUEL   C.  DAMON  of  Lancaster,     . 
HENRY   S.  HYDE  of  Springfield, 
MERRITT  I.  WHEELER  of  Great  Barrington, 
WILLIAM   R.  SESSIONS  of  Springfield,    . 
CHARLES   L.  FLINT  of  Brookline,     . 
WILLIAM  H.  BOWKER  of  Boston,     . 
GEORGE  H.  ELLIS  of  Boston,     . 
J.  HOWE  DEMOND  of  Northampton, 
ELMER  D.  HOWE  of  Marlborough,   . 
NATHANIEL  I.  BOWDITCH  of  Framingham, 
WILLIAM  WHEELER  of  Concord,       . 


1902 
1902 
1903 
1903 
1904 
1904 
1905 
1905 
1906 
1906 
1907 
1907 
1908 
1908 


Members  Ex  Oflacio. 

His  Excellency  Governor  W.  MURRAY  CRANE, 

President  of  the  Corporation. 

HENRY   H.  GOODELL,  President  of  the  College. 

FRANK  A.  HILL,  Secretary  of  the  Board  of  Education. 

JAMES  W.  STOCKWELL,  Secretary  of  the  Board  of  Agriculture. 


HENRY   S.  HYDE  of  Springfield, 

Vice-President  of  the  Corporation. 


GEORGE   F.  MILLS  of  Amherst,  Treasurer. 


CHARLES   A.  GLEASON  of  New  Braintree,  Auditor. 
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Committee  on  Finance  and  Buildings.* 
WILLIAM   R.  SESSIONS,  J.  HOWE    DEMOND, 

HENRY   S.  HYDE,  SAMUEL   C.  DAMON, 

CHARLES   A.  GLEASON,   Chairman. 


Committee  on  Course  of  Study  and  Faculty.* 

WILLIAM  H.  BOWKER,  ELMER  D.  HOWE, 

CHARLES   L.  FLINT,  GEORGE  H.  ELLIS, 

WILLIAM   WHEELER,  Chairman. 


Committee  on  Farm  and  Horticultural  Department.* 
JAMES   DRAPER,  ELMER  D.  HOWE, 

N.  I.  BOWDITCH,  MERRITT  I.  WHEELER, 

WILLIAM  R.  SESSIONS,  GEORGE  H.  ELLIS, 

ELIJAH   W.  WOOD,  Chairman. 


Committee  on  Experiment  Department.* 
JAMES   W.  STOCKWELL,  ELIJAH   W.  WOOD, 

WILLIAM    H.  BOWKER,  WILLIAM   WHEELER, 

JAMES   DRAPER,  Chairman. 


Committee  on  New  Buildings  and  Arrangement  of  Grounds.* 
WILLIAM  WHEELER,  SAMUEL   C.  DAMON, 

CHARLES   L.  FLINT,  N.  I.  BOWDITCH, 

JAMES   DRAPER,  Chairman. 


Board  of  Overseers. 
STATE   BOARD   OF  AGRICULTURE 


Examining  Committee  of  Overseers. 
JOHN   BURSLEY  {Chairman)^         .         of  West  Barnstable. 
C.  K.  BREWSTER,  ...         of  Worthington. 

WESLEY  B.  BARTON,  .  .  .  of  Dalton. 
ALVAN  BARRUS,  ....  of  Goshen. 
GEORGE   P.  SMITH,       ...         of  Sunderland. 

*  The  president  of  the  college  is  ex  officio  a  member  of  each  of  these  committees. 


1901.]  PUBLIC  DOCUMENT  — No.  31.  17 

The  Faculty. 

HENRY   H.  GOODELL,  LL.D.,  President. 

Professor  of  Modern  Languages. 

LEVI   STOCKBRIDGE, 

Professor  of  Agriculture,  Honorary. 

CHARLES  A.  GOESSMANN,  Ph.D.,  LL.D. 

Professor  of  Chemistry. 

SAMUEL   T.  MAYNARD,  B.Sc. 

Professor  of  Horticulture. 

CHARLES   WELLINGTON,   M.A.,   Ph.D., 

Associate  Professor  of  Chemistry. 

CHARLES   H.   FERNALD,   Ph.D., 

Professor  of  Zoology. 

Rev.    CHARLES    S.  WALKER,    Ph.D., 

Professor  of  Mental  and  Political  Science. 

WILLIAM   P.    BROOKS,    Ph.D., 

Professor  of  Agriculture. 

GEORGE  F.   MILLS,    M.A., 

Professor  of  English  and  Latin. 

JAMES   B.    PAIGE,    D.V.S., 

Professor  of  Veterinary  Science. 

GEORGE  E.  STONE,  Ph.D., 

Professor  of  Botany. 

JOHN   E.    OSTRANDER,    M.A.,   C.E., 

Professor  of  Mathematics  and  Civil  Engineering. 

HENRY   T.    FERNALD,    Ph.D., 

Professor  of  Entomology. 

HERMAN   BABSON,  M.A., 

Assistant  Professor  of  English.  \ 
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FRED   S.    COOLEY,   B.Sc, 

Assistant  Professo?'  of  Agriculture. 

(Animal  Husbandry  and  Dairying.) 

RICHARD   S.   LULL,   M.S., 

Assistant  Professor  of  Zoology.    ■ 

RALPH  E.    SMITH,   B.Sc, 

Assistant  Professor  of  Botany. 

{Instructor  in  German.) 

PHILIP  B.   HASBROUCK,   B.S., 

Assistant  Professor  of  Mathematics. 

SAMUEL  F.   HOWARD,   B.Sc, 

Assistant  Professor  of  Chemistry. 

JOHN   ANDERSON,  Captain,  U.  S.  A., 
Professor  of  Military  Science  and  Tactics. 

GEORGE  F.   PARMENTER,   B.Sc, 
Instructor  in  Chemistry. 

GEORGE  F.    BABB,   B.A., 

Instructor  in  French. 

ROBERT  W.  LYMAN,   LL.B., 

Lecturer  on  Farm  Law, 

E.   FRANCES   HALL, 

Librarian. 

RICHARD    S.   LULL,   M.S., 
Registrar. 

ELISHA  A.   JONES,   B.Sc, 
Farm  Superintendent. 
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Graduates  of  1900.* 

Master  of  Science. 


Hartwell,  Burt  Laws, 


Kingston,  R.  I. 


Bachelor  of  Science. 
Atkins,  Edwin  Kellogg, 
Baker,  Howard,     ..... 
Brown,  Frank  Howard  (Boston  Univ.), 
Campbell,  Morton  Alfred  (Boston  Univ.) , 
Canto,  Ysidro  Herrera  (Boston  Univ.), . 
Crane,  Henry  Lewis  (Boston  Univ.), 
Felch,  Percy  Fletcher,    .... 
Frost,  Arthur  Forrester, 
Gilbert,  Ralph  Davis  (Boston  Univ.),    . 
Halligan,  James  Edward  (Boston Univ.), 
Harmon,  Arthur  Atwell, 
Hull,  Edward  Taylor  (Boston  Univ.) ,     . 
Kellogg,  James  William  (Boston  Univ.), 
Landers,  Morris  Bernard, 
Lewis,  James  Francis  (Boston  Univ.),   . 
Monahan,  Arthur  Coleman,    . 
Morrill,  Austin  Winfield  (Boston  Univ.), 
Munson,  Mark  Hayes  (Boston  Univ.),   . 
Parmenter,    George    Freeman     (Boston 

Univ.), 

Stanley,  Francis  Guy  (Boston  Univ.),    . 
"West,  Albert  Merril,      .... 

Jones,  Frank  Waldo  ('82),     . 

Total, 


North  Amherst. 

Dudley. 

Newton  Centre. 

Townsend. 

Cansahcab,  Mexico. 

Ellis. 

Worcester. 

South  Monmouth,  Me. 

Gilead,  Conn. 

Roslindale. 

Chelmsford. 

Greenfield  Hill,  Conn. 

Amherst. 

Bondsville. 

Fairhaven. 

South  Framingham. 

Tewksbury. 

Huntington. 

Dover. 

Springfield. 

Brookville. 


South  Scituate. 
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Senior  Class. 

Barry,  John  Cornelius,  . 
Bridgeforth,  George  RufHn, 
Brooks,  Percival  Cushing, 
Casey,  Thomas, 
Chickering,  James  Henry, 
Clarke,  George  Crowell,t 
Cooke,  Theodore  Frederic, 


Amherst. 

Westmoreland,  Ala. 

Brockton. 

Amherst. 

Dover. 

Maiden. 

Austerlitz,  N.  Y. 


*  The  annual  report,  being  made  in  January,  necessarily  includes  parts  of  two 
academic  years,  and  the  catalogue  bears  the  names  of  such  students  as  have  been 
connected  with  the  college  during  any  portion  of  the  year  1900 

t  Died  April  18,  1900,  of  diphtheria. 
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Dawson,  William  Alucius, 
Dickerman,  William  Carlton, 
Gamwell,  Edward  Stephen, 
Gordon,  Clarence  Everett, 
Graves,  Jr.,  Thaddeus, 
Greeley,  Dana  Sanford  Bernard, 
Gurney,  Victor  Henry,  . 
Henry,  James  Buel, 
Howard,  John  Herbert,  . 
Hunting,  Nathan  Justus, 
Leslie,  Charles  Thomas, 
Macomber,  Ernest  Leslie, 
Ovalle  Barros,  Julio  Moises, 
Pierson,  Wallace  Rogers, 
Rice,  Charles  Leslie, 
Rogers,  William  Berry, 
Root,  Luther  Augustus, 
Schaffrath,  Max,    . 
Smith,  Ralph  Ingram,    . 
Tashjian,  Dickran  Bedross, 
Todd,  John  Harris, 
Whitman,  Nathan  Davis, 
Wilson,  Alexander  Cavassa, 
Total,     . 


Worcester. 

Taunton. 

Pittsfleld. 

Clinton. 

Hatfield. 

East  Foxborough. 

Forge  Village. 

Scitieo,  Conn. 

Littleton  Common. 

Shutesbury. 

Pittsfleld. 

Taunton. 

Santiago,  Chili. 

Cromwell,  Conn. 

Pittsfleld. 

Cambridge. 

Deerfield. 

Waterbury,  Conn. 

Leverett. 

Kharpoot,  Turkey. 

Rowley. 

South  Boston. 

Boston. 
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Junior  Class. 
Belden,  Joshua  Herbert, 
Blake,  Maurice  Adin, 
Bodflsh,  Henry  Look,     . 
Carpenter,  Thorne  Martin, 
Chase,  William  Zachariah, 
Church,  Frederick  Richard, 
Claflin,  Leander  Chapin, 
Cole,  William  Richardson, 
Cook,  Lyman  Adams,     . 
Cooley,  Orrin  Fulton,     . 
Dacy,  Arthur  Lincoln,    . 
Dellea,  John  Martin, 
Dwyer,  Chester  Edwards, 
Gates,  Victor  Adolph,    . 
Hall,  John  Clifford, 
Hodgkiss,  Harold  Edward, 
Kinney,  Charles  Milton, 
Knight,  Howard  Lawton, 


Newington,  Conn. 

Millis. 

Tisbury. 

Foxborough. 

Lynn. 

Ashfield. 

Philadelphia,  Pa. 

West  Boxford. 

Millis. 

South  Deerfleld. 

Boston. 

North  Egremont. 

Lynn. 

Memphis,  Tenn. 

Sudbury, 

Wilkinsonville. 

Northampton. 

Gardner. 
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Lewis,  Claude  Isaac, 
McCobb,  Edmund  Franklin, 
Morse,  Eansom  Wesley, 
Paul,  Herbert  Amasa,    . 
Saunders,  Edward  Boyle, 
Smith,  Samuel  Leroy,     . 
West,  David  Nelson, 
Total,     . 


Unionville. 

Milford. 

Belchertown. 

Lynn. 

Southwick. 

South  Hadley. 

Northampton. 
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Sophomore  Class. 
Allen,  Lilly  Bertha, 
Allen,  William  Etherington, 
Bacon,  Stephen  Carroll, 
Barrus,  George  Levi, 
Blake,  Ernest  Edward,  . 
Bowen,  Howard  Chandler, 
Bowler,  Patrick  Henry, 
Brooks,  Philip  Whitney, 
Cheever,  Herbert  Milton, 
Cook,  Joseph  Gershom, 
Dillon,  James  Henry, 
Franklin,  Harry  James, 
Halligan,  Charles  Parker, 
Harris,  Frederick  Arnold, 
Higgins,  Willis  Elmore, 
Hood,  William  Lane, 
Jones,  Gerald  Denison, 
Kelley,  Herbert  Thomas, 
Martin,  Henry  Thomas, 
Monahan,  Neil  Francis, 
Nersessian,  Paul  Nerses, 
O'Hearn,  George  Edmund, 
Parsons,  Albert,     . 
Parsons,  Josiah  Waite,  . 
Peebles,  William  Warrington, 
Perkins,  Edward  Lamson, 
Phelps,  Arthur  Augustus, 
Phillips,  Lee, 
Poole,  Elmer  Myron, 
Proulx,  Edward  George, 
Eichardson,  Harlan  Lewis, 
Robertson,  Richard  Hendrie, 
Snell,  Edward  Benaiah, 
Thompson,  Leslie  Irving, 


Amherst. 

Winthrop. 

Leominster. 

Goshen. 

Riverside. 

Rutland. 

Bonds  ville. 

Cambridge. 

West  Boylston. 

Clayton. 

Belchertown. 

Bernardston. 

Roslindale. 

Amherst. 

Maynard. 

Vandiver,  Ala. 

South  Framingham. 

Amherst. 

Amherst. 

South  Framingham. 

Marash,  Turkey. 

Pittsfield. 

North  Amherst. 

Northampton. 

Washington,  D.  C. 

Roxbury. 

Boylston. 

West  Hanover. 

North  Dartmouth. 

Hatfield. 

Boxborough. 

Maiden. 

Lawrence. 

Middleborough. 
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Tinker,  Clifford  Albion, 
Tinkham,  Charles  Samuel, 
Tottingham,  William  Edgar, 
Tower,  Winthrop  Vose, 
Webster,  Frank  Wallace, 
West,  Myron  Howard,    . 
Wollheim,  Ernest, 
Total,     . 


West  Tremont,  Me. 
Roxbury. 
Bernardston. 
Melrose  Highlands. 
Bay  State. 
Belchertown. 
Jersey  City,  N.  J. 
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Freshman  Class. 
Back,  Ernest  Adna, 
Baker,  Perez  Raymond, 
Barnes,  Hugh  Lester,     . 
Collins,  Joseph  Daniel,  . 
Copeland,  William  Wallace, 
Couden,  Fayette  Dickinson, 
Cummings,  John  Francis, 
Ellsworth,  Frank  Lawrence, 
Elwood,  Clifford  Franklin, 
Esip,  Edward  Thomas,  . 
Fahey,  John  Joseph, 
Gay,  Ralph  Preston, 
Graves,  George  Augustus, 
Gregg,  John  William,    . 
Griffin,  Clarence  Herbert, 
Haffenreffer,  Adolf  Frederick, 
Handy,  Robert  Sylvan, 
Haskell,  Sidney  Burritt, 
Henshaw,  Fred  Forbes, 
Hill,  Louis  William  Barlow, 
Kelliher,  Justin,     . 
Kirby,  Daniel  Webster, 
Lewis,  Clarence  Waterman, 
Newton,  Howard  Douglas, 
Parker,  Sumner  Rufus,  . 
Paul,  Augustus  Russell, 
Pease,  James  Arthur,     . 
Peck,  Arthur  Lee, 
Pierce,  Herve}'  Cushman, 
Quigley,  Raymond  Augustine, 
Raymoth,  Reuben  Raymond, 
Richardson,  Charles  Henry,    . 
Ryan,  Arthur, 


Florence. 

Amherst. 

Stockbridge. 

Northampton. 

Townsend. 

Amherst. 

Brockton. 

Holyoke. 

Green's  Farms,  Conn. 

Amherst. 

Pittsfield. 

Stoughton. 

Northampton. 

South  Natick. 

Winthrop. 

Jamaica  Plain. 

Bourne. 

Southbridge. 

Templeton. 

Greenfield  Hill,  Conn. 

Brockton. 

Webster. 

Melrose  Highlands. 

Stockbridge. 

Brimfield. 

Framingham. 

Greenfield  Hill,  Conn. 

Hartford,  Conn. 

West  Millbury. 

Brockton. 

Goshen. 

Boxborough. 

North  Hadley. 
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Sawin,  Ralph  Dana, 
Staples,  Parkman  Fisher, 
Thompson,  Clarence  Loomis, 
White,  Howard  Morgan, 
Witherell,  George  Albert, 
Witt,  Henry  Herbert,     . 

Total,     .         .         .         , 


Pembroke. 
We  s  thorough. 
South  Natick. 
Springfield. 
Warwick. 
Belchertown. 


Short  Winter 
Burckes,  Franklin, 
Cande,  Edwin  Henry,     . 
Day,  Charles  Walter,     . 
Eaton,  Herbert  Benjamin, 
French,  William  Almon, 
Moore,  James  Lowell,    . 
Sharpe,  Edward  Hewitt, 
Trow,  Charles  Warfield, 
Valentine,  Everett  Cyrus, 

Total,     .... 


Courses. 

.     Worthington. 
.     Sheffield. 
.     East  Boston. 
.     North  Reading. 
.     Athol  Centre. 

Way  land. 
.     East  Northfield. 
.     Buckland. 
.     Northborough. 


39 


Graduate  Course. 
For  Degrees  of  M.S.  and  Ph.D. 
Babb  (B.A.,  Bates  College,  '91),  George 

Francis,     ......     Amherst. 

Eaton    (A.B.,    Harvard    Univ.,    1900), 

Theodore  Hildreth,     .         .         .         .St.  Louis,  Mo. 
Felch    (B.Sc,    M.A.C.,    1900),    Percy 

Fletcher,* Worcester. 

Hemenway  (B.Sc,  M.A.C.,   '95),  Her- 
bert Daniel, Williamsville. 

Hinds    (B.Sc,   M.A.C.,    '99),   Warren 

Elmer, Townsend. 

Ikeda    (A.B.,    Univ.    of    Tokyo,    '91), 

Hidezo, Tokyo,  Japan. 

Knight    (B.Sc,    M.A.C.,    '92),    Jewell 

Bennett, Belchertown. 

Monahan  (B.Sc,  M.A.C.,  1900),  Arthur 

Coleman, South  Framingham. 

Morrill  (B.Sc,  M.A.C.,  1900),  Austin 

Winfield, Tewksbury. 


*  Drowned  in  Connecticut  River,  at  North  Hadley,  July  8,  1900. 
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Parmenter     (B.Sc,      M.A.C.,      1900), 

George  Freeman,        ....     Dover. 

Paull  (Ph.B.,  Brown  Univ.,  '97,  A.M., 
Brown  Univ.,  '98),  Charles  Leslie 
Fairbanks, Somerset. 

Pingree   (B.Sc,   M.A.C.,    '99),   Melvin 

Herbert,     ......     Denmark,  Me. 

Smith  (B.A.,  Smith  College,  1900), Eliza- 
beth Hight,         .....     Amherst. 

Walker   (B.Sc,  M.A.C,   '99),    Charles 

Morehouse, Amherst. 

Total, 14 


Resident  Graduates  at  the  College 

Brown,  B.Sc,  Frank  Howard, 
Crane,  B.Sc,  Henry  Lewis,   . 
Drew,  B.Sc,  George  Albert, 
Halligan,  B.Sc,  James  Edward, 
Haskins,  B.Sc,  Henri  Darwin, 
Holland,  M.S.,  Edward  Bertram, 
Jones,  B.Sc,  Benjamin  Kent, 
Kellogg,  B.Sc,  James  William, 
Mossman,  B.Sc,  Fred  Way, 
Smith,  Jr.,  B.Sc,  Philip  Henry, 
Thomson,  B.Sc,  Henry  Martin, 
Wiley,  B.Sc,  Samuel  William, 
Total,     .... 


and  Experiment  Station. 

.  Newton  Centre. 

.  Ellis. 

.  Westford. 

.  Roslindale. 

.  North  Amherst. 

.  Amherst. 

.  Middlefield. 

.  Amherst. 

.  Westminster. 

.  South  Hadley  Falls. 

.  Monterey. 

.  Amherst. 

12 


Summary, 
Graduate  course  :  — 

For  degrees  of  M.S.,  and  Ph.D., 
Four-years  course  :  — 
Graduates  of  1900, 
Senior  class, 
Junior  class, 
Sophomore  class, 
Freshman  class, 
Winter  course, 
Resident  graduates, 

Total,  . 
Entered  twice, 

Total,   . 


14 

23 
30 
25 
41 
39 
9 
12 


193 


185 
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The  leading  object  of  the  Massachusetts  Agricultural  College  is 
"to  teach  such  branches  of  learning  as  are  related  to  agriculture 
and  the  mechanic  arts,  ...  in  order  to  pronaote  the  liberal  and 
practical  education  of  the  industrial  classes  in  the  several  pursuits 
and  professions  in  life."  That  this  result  may  be  secured  by  those 
for  whom  it  is  intended,  the  college  invites  the  co-operation  and 
patronage  of  all  who  are  interested  in  the  advanced  education  of 
the  industrial  classes  in  the  Commonwealth. 

The  instruction  here  given  is  both  theoretical  and  practical. 
The  principles  of  agriculture  are  illustrated  on  the  extended  acres 
of  the  farm  belonging  to  the  college  estate.  Nature's  work  in 
botany  and  in  horticulture  is  revealed  to  the  eye  of  the  student  in 
the  plant  house  and  in  the  orchards  accessible  to  all,  while  the 
mysteries  of  insect  life,  the  diseases  and  the  cure  of  domestic 
animals,  the  analysis  of  matter  in  its  various  forms,  and  the  study 
of  the  earth  itself,  "the  mother  of  us  all,"  may  engage  the  atten- 
tion of  the  student  during  the  years  of  his  college  course. 


ADMISSION. 
Every  candidate  for  admission  must  be  at  least  sixteen  years 
of  age,  and  must  present  a  testimonial  of  good  character  from  the 
principal  of  the  last  school  that  he  attended. 

Four- YEARS  Course. 

Candidates  for  admission  to  the  freshman  class  will  be  received 
on  certificate,  as  explained  below,  or  on  examination  in  the  follow- 
ing subjects  :  algebra  (through  quadratics),  plane  geometry,  Eng- 
lish, general  history,  civil  government  (Mowry's  "  Studies  in  Civil 
Government"),  physiology  (Martin's  "  The  Human  Body,"  briefer 
course),  physical  geography  (Guyot's  "Physical  Geography,"  or 
its  equivalent). 

This  examination  may  be  oral  or  written  ;  the  standard  required 
for  admission  is  65  per  cent,  in  each  subject.  Knowledge  of  the 
principles  of  arithmetic  is  presupposed,  although  an  examination 
in  this  subject  is  not  required.  Teachers  are  urged  to  give  their 
pupils  such  drill  in  algebra  and  geometry  as  shall  secure  accui'acy 
and  readiness  in  the  application  of  principles  to  practical  examples. 

A  candidate  will  not  be  accepted  in  English  whose  work  is 
notably  deficient  in  point  of  spelling,  punctuation,  idiom  or  division 
into  paragraphs.  The  candidate  will  be  required  to  present  evi- 
dence of  a  general  knowledge  of  the  subject-matter  of  the  books 
named  below,  and  to  answer  simple  questions  on  the  lives  of  their 
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authors.  The  form  of  examination  will  usually  be  the  writing  of 
a  paragraph  or  two  on  each  of  several  topics  to  be  chosen  by  the 
candidate  from  a  considerable  number  —  perhaps  ten  or  fifteen  — 
set  before  him  in  the  examination  paper.  The  treatment  of  these 
topics  is  designed  to  test  the  candidate's  power  of  clear  and 
accurate  expression,  and  will  imply  only  a  general  knowledge  of 
the  substance  of  the  books.  The  books  set  for  the  examination 
in  1901  and  1902  are  these:  Shakespeare's  "The  Merchant  of 
Venice  ;  "  Goldsmith's  "  The  Vicar  of  Wakefield  ;  "  Scott's  "  Ivan- 
hoe  ;  "  Cooper's  "The  Last  of  the  Mohicans;"  Lowell's  "The 
Vision  of  Sir  Launfal." 

Examinations  in  one  or  more  of  the  required  subjects  may  be 
taken  a  year  before  the  candidate  expects  to  enter  college,  and 
credit  for  successful  examination  in  any  subject  will  stand  for 
two  years  after  the  examination. 

Candidates  for  classes  more  advanced  than  the  freshman  class 
will  be  examined  in  the  studies  gone  over  by  the  class  to  which 
they  desire  admission. 

The  examinations  for  admission  in  1901  will  be  held  at  the 
Botanic  Museum  of  the  Agricultural  College  in  Amherst  on  Thurs- 
day and  Friday,  June  20  and  21,  and  on  Tuesday  and  Wednesday, 
September  17  and  18,  as  follows :  — 

First  Day. 
8.30  A.M.  —  Registration. 
9       A.M.  —  English. 
11       A.M.  —  General  History. 

2  P.M.  —  Physiology. 

3  P.M.  —  Physical  Geography. 

Second  Day. 
9       A.M.  —  Civil  Government. 
10       A.M.  —  Algebra. 
2       P.M.  —  Geometi-y. 

Entrance  examinations  in  June  will  be  held  on  the  same  days 
and  in  the  same  order  as  in  Amherst,  at  Jacob  Sleeper  Hall, 
Boston  University,  12  Somerset  Street,  Boston,  at  Horticultural 
Hall,  Worcester,  and  at  Sedgwick  Institute,  Great  Barrington,  but 
candidates  may  be  examined  and  admitted  at  any  other  time  in  the 
year. 

Admission  on  Certificate. 

Certificates  of  schools  and  academies  approved  by  the  faculty  of 
the  college  are  accepted  in  place  of  examinations.  These  certifi- 
cates must  be  made  out  on  blanks  furnished  on  application  to  the 


1901.]  PUBLIC   DOCUMENT  — No.  31.  27 

registrar,  and  must  be  signed  by  the  principal  of  the  school  making 
such  application. 

A  student  admitted  on  certificate  may  be  dropped  from  col- 
lege at  any  time  during  freshman  year,  when  his  work  is  not 
satisfactory ;  and  the  privilege  implied  in  the  acceptance  of  a 
certificate  may  be  revoked  whenever,  in  the  judgment  of  the 
faculty,  it  is  not  properly  exercised. 


WINTER  COURSES. 
For  these  short  winter  courses  examinations  are  not  required. 
They  commence  the  first  Wednesday  in  January  and  end  the  third 
Wednesday  in  March.  Candidates  must  be  at  least  sixteen  years 
of  age.  The  doors  of  the  college  are  open  to  applicants  from  both 
sexes.  The  same  privileges  in  regard  to  room  and  board  will  obtain 
as  with  other  students.  Attendance  upon  general  exercises  is  re- 
quired. The  usual  fees  for  apparatus  and  material  used  in  labo- 
ratory work  will  be  required.  Attendance  upon  military  drill  is 
not  expected. 


GRADUATE  COURSE. 

1.  Honorary  degrees  will  not  be  conferred. 

2.  Applicants  will  not  be  eligible  to  the  degree  of  M.S.  until 
they  have  received  the  degree  of  B.Sc.  or  its  equivalent. 

3.  The  faculty  shall  offer  a  course  of  study  in  each  of  the  fol- 
lowing subjects  :  mathematics  and  physics  ;  chemistry ;  agricult- 
ure ;  botany ;  horticulture ;  entomology ;  veterinary.  Upon  the 
satisfactory  completion  of  any  two  of  these  the  applicant  shall 
receive  the  degree  of  M.S.  This  prescribed  work  may  be  done  at 
the  Massachusetts  Agricultural  College  or  at  any  institution  which 
the  applicant  may  choose ;  but  in  either  case  the  degree  shall  be 
conferred  only  after  the  applicant  has  passed  an  examination  at 
the  college  under  such  rules  and  regulations  as  may  be  prescribed. 

4.  The  degree  of  Doctor  of  Philosophy  may  be  conferred  upon 
graduates  of  this  college  or  other  colleges  of  good  standing  who 
shall  spend  three  years  at  this  institution  and  satisfactorily  com- 
plete a  major  and  two  minor  subjects.  Botany,  chemistry  or 
entomology  may  be  selected  as  the  major  subject,  and  the  minors 
available  are  botany,  chemistry,  entomology  and  zoology.  The 
amount  and  quality  of  work  done  must  be  satisfactory  to  the 
professors  in  charge  of  the  respective  subjects  before  the  degree 
will  be  conferred. 
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5.  Every  student  in  the  graduate  course  shall  pay  twenty-five 
dollars  to  the  treasurer  of  the  college  before  receiving  the  degree 
of  M.S.  or  Ph.D. 


DEGREES. 

Those  who  complete  the  four-years  course  receive  the  degree 
of  Bachelor  of  Science,  the  diploma  being  signed  by  the  governor 
of  Massachusetts,  who  is  the  president  of  the  corporation. 

Regular  students  of  the  college  may  also,  on  application,  be- 
come members  of  Boston  University,  and  upon  graduation  receive 
its  diploma  in  addition  to  that  of  the  college,  thereby  becoming 
entitled  to  all  the  privileges  of  its  alumni. 

Those  completing  the  prescribed  graduate  course  receive  the 
degree  of  Master  of  Science  or  Doctor  of  Philosophy. 
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The  studies  of  freshman,  sophomore  and  junior  years  are  re- 
quired. English  and  military  science  of  senior  year  are  required ; 
the  other  studies  are  elective,  according  to  the  following  com- 
binations of  senior  electives  :  — 


Agriculture. 
Political  economy. 
Veterinary  science. 


Agriculture. 
Chemistry. 
German  or  French. 


Botany. 
Chemistry. 
Veterinary  science. 


Horticulture. 
Entomology. 
Aofriculture. 


Chemistry. 

Astronomy  (one  semester). 

Geology  (one  semester) . 

Horticulture. 


Entomology. 

Botany. 

German  or  French. 


Political  economy. 

English. 

History. 


Mathematics. 
Engineering. 
Political  economy. 


Veterinary. 
Chemistry. 
German  or  French, 


English. 

Latin. 

Mathematics. 


Botany. 

Horticulture. 

Ensflish. 


The  choice  of   Latin  as  an  elective  presupposes  at  least  two 
years'  study  of  the  subject. 


SHORT  WINTER   COURSES. 

[All  courseB  optional.] 

Agriculture. 


I.    General  Agriculture. 

11.    Animal  Husbandry. 

1. 

Soils  and  operations  upon  them, 

1. 

Introduction,    . 

1 

drainage,  irrigation,  etc.,     . 

10 

2. 

Location  and  soil,    . 

2 

2. 

Farm  implements  and  machinery. 

5 

3. 

Building 

4 

3. 

Manures  and  fertilizers, . 

10 

4. 

Breeds  of  cattle,*     . 

10 

4. 

Crops  of  the  farm,  characteristics. 

5. 

Breeds  of  horses,     . 

6 

management,  etc., 

10 

6. 

Grain  and  fodder  crops,* 

11 

5. 

Crop  rotation, 

2 

7. 

Foods  and  feeding,* 

11 

6, 

Farm  book-keeping, 

5 

8. 

Extra 

19 

7. 

Agricultural  economics, . 

11 

8. 

Farm,  dairy  and  poultry  manage- 
ment,       

Total  hours,      .... 

11 
64 

Total  hours,    . 

64 

*  With  dairy  course. 
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Dairying. 


///.    LecUires  and  Class-room  Work. 

1.  The  soil  and  crops 22 

2.  The  dairy  breeds  and  cattle  breed- 

ing,          22 

3.  Stable  construction  and  sanitation, 

care  of  cattle 11 

4.  Common  diseases  of  stock,  their 

prevention  and  treatment,  .        .        11 

5.  Foods  and  feeding,  ....        11 

6.  Book-keeping  for  the  dairy  farm 

and  butter  factory,       ...       22 

7.  Pasteurization  and  preparation  of 

milk    on    physicians'    prescrip- 
tions  11 


///.    Lectures,  etc.  —  Concluded. 

Composition  and  physical  pecul- 
iarities of  milk;  conditions 
which  affect  creaming,  churn- 
ing, methods  of  testing  and 
preservation,       .... 

Milk  testing, 

Butter  making 

Practice  in  aeration,  pasteuriza- 
tion  

Total  hours 


Horticulture. 


IV.    Fruit  Oulture. 

V.    Floriculture  —  Concluded . 

1. 

Introduction 

1 

5. 

Insects    and    fungi    which   attack 

2. 

Propagation  of  fruit  trees  by  seed. 

greenhouse  plants. 

2 

budding,  grafting,  forming   the 
head,  digging,  planting,  pruning. 

Total  hours 

33 

training,  cultivation,  etc.,    . 

28 

VI.    Market  Gardening. 

3. 

Insects  and  fungous  diseases, 

.3 

1. 

Introduction,     equipment,     tools, 

Total  hours 

V.    Floriculture. 

32 

2. 

manures,  fertilizers,  etc.,     . 
Greenhouse  construction  and  heat- 
ing,          

3 

6 

1. 

Greenhouse  construction  and  heat- 

3. 

Forcing  vegetables  under  glass,     . 

3 

ing 

6 

4. 

Seed  growing  by  the  market  gar- 

2. 

Propagation    of    greenhouse    and 

dener 

3 

other  plants  by  seed,  cuttings, 

5. 

Special  treatment  required  by  each 

grafting,  etc. 

3 

crop, 

10 

3. 

Cultivation    of     rose,    carnation, 

6. 

Insects  and  fungi,  with  remedies,  . 

2 

4. 

chrysanthemum  and  orchids. 
Propagation   and    care  of    green- 
house and  bedding  plants,  . 

12 
10 

Total  hours 

27 

Botany. 


VII.    Lectures  on  Injurious  Fungi  of  the 

Farm,   Garden,    Greenhouse,  Or- 
chard and  Vineyard. 

1.  Introduction 2 

2.  Nature  and  structure  of  rusts,        .  4 

3.  Nature  and  structure  of  snants,      .  4 

4.  Nature  and  structure  of  mildews, .  4 

5.  Nature  and  structure  of  rots,         .  4 

6.  Beneficial  fungi  of  roots,         .        .  2 

7.  Edible  mushrooms,          ...  2 


Total  hours, 


22 


VIII.    Lectures   and    Demonstrations  on 
"  ffow  Plants  Grow." 

1.  Introduction, 1 

2.  The  parts  of  a  plant,      ...  1 

3.  Structure  of  the  cell  and  plant  in 

general, 3 

4.  Functions  of  root,  stem  and  leaves,  3 

5.  P'ood  of  plant  obtained  from  air,  .  3 

6.  Food  of  plant  obtainfd  from  soil,  3 

7.  Transference  and  elaboration  of 

food, 2 

8.  Growth  of  plants 2 

9.  Effects   of   light,   moisture,  heat 

and  cold, 2 

10.  Root  tubercles  on  pea  and  clover,  1 

11.  Cross  fertilization  of  flowers,       .  1 

Total  hours 22 
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Chemistry. 

IX.     General  Agricultural  Chemistry. 

X.     Chemistry  of  the  Dairy. 

1.    Introduction, 

2 

1. 

Introduction 

2 

2.    The  fourteen  elements  of  agricult- 

2. 

The  fourteen  elements  of  agricult- 

ural chemistry,     .... 

14 

ural  chemistry,     .... 

14 

3.    Rocks  and  soils 

8 

3. 

The  physical  properties  of  milk,   . 

13 

4.    The  atmosphere 

7 

4. 

Analysis   of   milk,   butter,  cheese 

5.     The  chemistry  of  crop-growing,    . 

8 

and  other  dairy  products,    . 

13 

6.    Fertilizers, 

8 

5. 

Chemistry  of  the  manufacture  of 

7.    Animal  chemistry 

8 

dairy  products 

13 

Total  hours 

55 

Total  hours 

55 

Zoology. 

XI.    Animal  Life  on  the  Farm. 

XII.     Insect    Friends    and    Foes    of 

the 

Total  hours,      .... 

22 

Farmers. 
Total  hours 

33 

AGRICULTURE. 

William  P.  Brooks. 

(a)  The  origin  and  formation  of  soils,  their  physical  properties 
and  how  to  improve  them ;  (6)  tillage,  subsoiling,  drainage  and 
irrigation;  (c)  use  of  fertilizers  and  manures;  the  crops  of  the 
farm,  their  characteristics,  culture  and  use ;  {d)  farm  implements 
and  plans  of  farm  buildings ;  (e)  animal  husbandry,  breeds, 
stock  breeding  and  feeding;  (/)  dairy  farming  and  dairying. 
As  aids  to  practical  instruction,  there  are  models  of  the  domestic 
animals ;  a  farm  of  four  hundred  acres  ;  a  barn  with  one  hundred 
head  of  stock,  types  of  the  leading  breeds,  and  a  complete  dairy 
outfit,  where  the  operations  of  pasteurizing  milk  and  cream,  butter 
making,  milk  testing  and  separation  of  cream  are  carried  on. 


ANIMAL  HUSBANDRY  AND  DAIRYING. 

Fred  S.  Cooley. 

The  required  course  in  animal  husbandry  and  dairying  comes 
into  the  second  semester  freshman  and  first  semester  sophomore 
years.  After  a  few  introductory  and  historical  lectures,  a  study  of 
the  improved  breeds  of  farm  live  stock  fills  the  half  year.  The 
remainder  of  the  year  is  divided  between  the  study  of  the  princi- 
ples of  animal  breeding  and  a  discussion  of  dairy  farming. 

The  senior  elective  course  covers  one  semester,  and  deals  with 
the  subjects  of  feeding  animals  and  the  theory  and  practice  of 
dairying. 
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A  considerable  part  of  the  instruction  is  given  by  lectures,  of 
which  each  student  obtains  a  mimeograph  copy.  Text-books  are 
used  in  part,  and  practical  demonstrations  with  live  stock  and 
apparatus  are  given  a  prominent  place.  Live  stock  judging  is 
also  an  important  feature  of  the  course. 

The  special  teaching  facilities  consist  of  charts,  plates,  pictures, 
stereopticon  slides  and  library  references.  Besides  these,  over 
forty  plaster  models  of  typical  farm  animals,  a  large  collection  of 
pure-bred  and  grade  live  stock,  comprising  representatives  of  the 
leading  pure  breeds,  and  a  very  complete  outfit  of  modern  dairy 
machinery  and  appliances,  including  churns,  butter  workers,  sepa- 
rators, pasteurizers,  Babcock  testers,  etc.,  are  used  for  illustration 
and  demonstration. 

We  aim  to  thoroughly  acquaint  every  student  with  the  breeds  of 
farm  animals,  their  management  and  breeding,  and  with  modern 
methods  of  dairying. 

BOTANY. 

George  E.  Stone.    Ralph  E.  Smith. 

The  course  in  botany  commences  with  the  study  of  the  simpler 
features  connected  with  the  plant,  and  it  is  pursued  in  the  follow- 
ing order : — 

(a)  Structural  botany  (morphology  and  anatomy),  which  in- 
cludes a  study  of  germination,  seeds,  seedlings,  different  types  of 
roots,  rhizomes,  stems,  leaves,  flowers,  etc.  Seventy-five  hours 
are  given  to  this  course,  the  subject  being  treated  by  lectures  and 
class-room  work.  An  essay  on  some  ecological  subject,  such  as 
the  methods  and  devices  of  seed  distribution,  is  required  as  a  part 
of  this  course. 

(6)  Systematic  botany  and  flower  analysis  (taxonomy  and  class- 
ification) .  This  includes  a  study  of  the  types  of  flowers  and  plant 
forms,  and  their  pbylogenetic  relationship,  following  in  general  the 
natural  sequence  outlined  in  Engler  and  Prantl's  "  Pflanzenfamilie." 
Forty-four  hours  are  devoted  to  this  course,  including  lectures  and 
class-room  work.  In  this  course  three  weeks  are  devoted  to  flower 
analysis,  and  a  herbarium  of  one  hundred  named  species  is 
required  of  each  student.  An  ecological  essay  on  the  relationship 
existing  between  flowers  and  insects,  requiring  out-of-door  obser- 
vation, is  assigned  to  each  student.  Dissecting  microscopes,  mag- 
nifying ten  to  twenty  diameters,  are  employed  in  both  courses,  (a) 
and  (&). 

(c)   Study  of   the   minute   structure    (histology)    and   function 
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(physiology)  of  a  series  of  typical  plants.  This  course  includes 
ninety-two  hours  during  the  sophomore  year,  and  is  devoted  to 
lectures  and  laboratory  work.  It  attempts  to  give  a  fundamental 
knowledge  of  the  chemical  constituents,  detailed  structure  and 
functions  of  the  higher  plants,  and,  to  a  less  extent,  of  some  of 
the  lower  plants.  A  herbarium  of  one  hundred  named  economic 
species,  representing  largely  grasses,  trees  and  shrubs,  is  required. 
This  latter  is  assigned  work,  and  is  a  continuation  of  course  (&). 

Elective  Course  in  the  Senior  Year. 

(d)  Cryptogamic  botany,  including  a  study  of  the  lower  forms 
of  plant  life  and  their  relationships.  Especial  attention  is  given 
to  the  study  of  economic  fungi,  such  as  give  rise  to,  or  are  con- 
nected with,  plant  diseases ;  their  method  of  reproduction,  life 
histories,  mode  of  dissemination,  amount  of  damage  caused  by 
them,  together  with  their  remedies  and  the  method  of  making  and 
applying  fungicides  for  specific  diseases.  Eight  hours  per  week 
for  one  year  are  given  to  this  subject,  which  includes  lectures, 
collateral  reading  and  laboratory  work.  The  increasing  literature 
pertaining  to  plant  pathology  and  the  treatment  of  diseases  issued 
by  our  experiment  stations  and  the  United  States  Department  of 
Agriculture  is  freely  drawn  upon  for  reference  in  this  course. 

(e)  Experimental  plant  physiology,  a  study  of  the  plant's  func- 
tions, including  such  subjects  as  respiration,  photosynthesis,  met- 
abolism, transpiration,  soil  nutrition,  growth,  gravitation,  physical 
and  chemical  properties  of  the  plant  organism,  the  effect  of  heat, 
light  and  moisture,  and  their  relation  to  normal  and  abnormal 
plant  development,  etc.  Eight  hours  per  week,  for  two-thirds  of 
a  college  year,  are  devoted  to  this  subject  by  those  students  who 
do  not  elect  the  whole  of  course  (d) .  The  experimental  work  is 
supplemented  by  lectures. 

Besides  the  above  course,  there  is  one  outlined  for  post-graduate 
students,  which,  besides  containing  necessarily  more  or  less  gen- 
eral botany,  is  devoted  to  vegetable  physiology  and  vegetable 
pathology. 

Throughout  all  of  the  courses  "laboratory  methods"  prevail, 
which  are  supplemented  by  lectures  and  reference  books.  The 
course  aims  to  treat  of  all  the  more  important  features  connected 
with  the  study  of  plants  which  have  a  close  bearing  upon  agricult- 
ure, without,  at  the  same  time,  deviating  from  a  systematic  and 
logical  plan.  For  practical  work  there  is  a  laboratory  abundantly 
supplied  with  dissecting  and  compound  microscopes,  microtomes, 
histological  reagents,  and  numerous  appliances  for  illustration  and 
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investigation  of  the  phenomena  of  plant  life.  There  are  numerous 
charts  representing  the  common  plant  diseases,  a  considerable 
number  of  preserved  specimens  of  pathogenic  fungi  in  formalin, 
and,  for  the  purpose  of  consultation,  use  is  made  of  the  station 
herbarium,  which  contains  over  twelve  thousand  sheets  of  fungi. 


CHEMISTRY. 

Charles  A.  Goessmann.    Charles  Wellington.    Samuel  F.  Howard. 

It  is  easy  to  believe  that  the  country  which  has  the  best  chemists 
will  be  the  most  prosperous  and  most  powerful.  It  will  have,  at 
the  lowest  cost,  the  best  food,  the  best  manufactured  articles,  the 
fewest  wastes  and  un-utilized  forms  of  matter,  the  best  guns,  the 
strongest  explosives,  the  most  resistant  armor.  Its  inhabitants 
will  make  the  best  use  of  their  country's  resources ;  they  will 
be  the  most  healthy,  the  most  free  from  disease ;  they  will  op- 
pose the  least  resistance  to  favorable  evolution ;  they  will  be  the 
most  thrifty  and  the  least  dependent  on  other  nations.  Competi- 
tion to-day  between  nations  is  essentially  a  competition  in  the 
science  and  application  of  chemistry. 

But  the  educational  force  of  chemistry  is  not  expended  in  pro- 
ducing chemists  alone.  An  eminent  national  writer  has  said : 
"The  education  of  the  people  in  chemistry  and  the  physical 
sciences  is  the  most  paying  investment  a  country  can  make." 
Aside  from  training  chemists  and  providing  an  important  factor  in 
all  liberal  courses  of  education,  chemical  study  performs  a  special 
service  for  still  other  professions.  Engineers,  physicians  and 
physiologists  often  find  their  success  measured  directly  by  the 
extent  of  their  chemical  training. 

Accurate  observation,  logical  thinking,  systematic  and  constant 
industry  are  absolute  requisites  for  the  successful  chemical  stu- 
dent. And  these  are  the  factors  which  make  men  of  affairs, 
administrators  of  large  interests  and  statesmen.  A  few  names 
from  the  large  number  of  men  in  high  public  service,  who  were  first 
chemists  by  profession,  may  be  mentioned.  Among  presidents 
of  universities  and  colleges  are  Eliot  of  Harvard,  Rogers  and 
Crafts  of  the  Massachusetts  Institute  of  Technology,  Drown  of 
Lehigh,  Morton  of  Stevens  Institute,  Dabney  of  Tennessee,  Venable 
of  North  Carolina,  Clark  of  our  own  institution ;  and,  from  our 
alumni,  Washburn  of  Rhode  Island  and  Stone  of  Purdue  ;  among 
statesmen,  Senator  Hill  of  Colorado,  Lords,  Prime  Minister  Salis- 
bury, Playfair  and  Roscoe  of  England  and  J.  B.  Dumas  and 
Berthelot  of  France. 
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Courses  adapted  to  the  requirements  mentioned  are  offered  at 
this  college.  Instruction  is  given  in  general  and  organic  chemis- 
try, all  kinds  of  analysis,  including  that  of  minerals,  and  prepara- 
tions. The  needs  of  students  fitting  for  positions  in  experiment 
stations,  and  those  taking  courses  in  entomology,  botany  and  other 
biological  subjects,  medicine,  veterinary  science,  dairy  work  and 
agriculture,  receive  special  attention. 

Instruction  is  given  by  lectures,  conversations  and  laboratory 
exercises,  with  written  and  oral  examinations. 

Eight  courses  are  offered  in  chemistry.  Their  time,  aim  and 
arrangement  are  briefly  indicated  in  the  following  table  : — 


Chemistry  at  the  Massachusetts  Agricultural  College  (  Time  stated  in 
Half-years) . 


B.S. 

M.S. 

PH.D. 

Special. 

COURSES. 

Major. 

Minor. 

Major. 

Minor. 

Major. 

Minor. 

Agri- 
culture. 

Dairy. 

Freshman,      . 
Sophomore,    . 
Junior,  . 
Senior,  . 
Graduate, 

1 

2 
2 
2 

1 

2 

2 

1 

2 
2 
2 

4 

1 

2 
2 

2 

1 

2 
2 
2 
6 

1 

2 

2 

3 

- 

- 

7 

5 

11 

7 

13 

8 

1* 

1* 

In  the  regular  courses  the  first  half-year  are  alike  for  all  stu- 
dents ;  Professor  Howard  gives  lectures  with  experiments  and 
laboratory  practice  in  the  last  half  of  freshman  year,  on  general 
principles  of  chemistry  and  non-metals  ;  in  the  next  half-year,  on 
the  metals ;  and  in  the  last  half  of  sophomore  year,  on  dry 
mineral  analysis. 

Professor  Wellington  gives  lectures  with  experiments  and  labo- 
ratory practice  in  the  first  junior  half-year,  on  humid  qualitative 
analysis  ;  in  the  second  half-year,  on  organic  chemistry. 

During  the  senior  year  Professor  Goessmann  gives  lectures  on 
the  chemistry  of  fertilizers  and  of  commercial  industries,  and  on 
organic  chemistry. 

During  the  same  year  Professor  Wellington  gives  lectures  and  a 
course  of  practice  in  advanced  laboratory  methods. 


*  Every  winter. 
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The  work  of  the  graduate  years  varies  according  to  the  attain- 
ments and  purpose  in  view  of  the  individual  student.  It  is  con- 
ducted by  Professor  Wellington,  with  a  course  in  physical  chemistry 
by  Professor  Howard. 

Fourteen  rooms,  well  adapted  to  their  special  uses,  are  supplied 
with  all  kinds  of  apparatus  and  chemical  materials.  The  lect- 
ure room,  on  the  second  floor,  has  ample  seating  capacity  for 
seventy  students.  Immediately  adjoining  it  are  four  smaller 
rooms,  which  serve  for  storing  apparatus  and  preparing  material 
for  the  lecture  table.  The  laboratory  for  beginners  is  a  capacious 
room  on  the  first  floor.  It  is  furnished  with  forty  working  tables. 
Each  table  is  provided  with  sets  of  wet  and  dry  reagents,  a  fume 
chamber,  water,  gas,  drawer  and  locker,  and  apparatus  sufficient  to 
render  the  student  independent  of  carelessness  or  accident  on  the 
part  of  others  working  near  by.  Thus  equipped,  each  worker  has 
the  opportunity,  under  the  direction  of  an  instructor,  of  repeating 
the  processes  which  he  has  previously  studied  in  the  lecture  room, 
and  of  carrying  out  at  will  any  tests  which  his  own  observation 
may  suggest. 

A  systematic  study  of  the  properties  of  elementary  matter  is 
here  taken  up.  This  leads  to  analysis  of  the  simpler  combinations 
of  the  elements  and  their  artificial  preparation,  which  is  followed 
by  qualitative  analysis  of  salts,  minerals,  soils,  fertilizers,  animal 
and  vegetable  products. 

The  laboratory  for  advanced  students  has  tables  for  thirty 
workers,  with  adequate  apparatus.  This  is  for  instruction  in  the 
chemistry  of  various  manufacturing  industries,  especially  those  of 
agricultural  interest,  such  as  the  production  of  sugar,  starch, 
fibres  and  dairy  products  ;  the  preparation  of  plant  and  animal 
foods,  their  digestion,  assimilation  and  economic  use  ;  the  offlcial 
analysis  of  fertilizers,  fodders  and  foods  ;  the  analysis  of  soils 
and  waters,  of  milk,  urine  and  other  animal  and  vegetable  prod- 
ucts. 

The  weighing  room  has  six  balances  and  improved  apparatus  for 
determining  densities  of  solids,  liquids  and  gases. 

Apparatus  and  Collections. — The  apparatus  includes,  beside 
balances,  a  microscope,  spectroscope,  polariscope,  photometer, 
barometer,  and  numerous  models  and  sets  of  apparatus.  The 
various  rooms  are  furnished  with  an  extensive  collection  of  in- 
dustrial charts.  A  valuable  and  growing  collection  of  specimens 
and  samples,  fitted  to  illustrate  different  subjects  taught,  is  also 
provided.  This  includes  rocks,  minerals,  soils,  raw  and  manu- 
factured fertilizers,  foods,  including  milling  products,  fibres  and 
other  vegetable  and  animal  products,  and  artificial  preparations  of 
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mineral  and  organic  compounds.  Series  of  preparations  are  used 
for  illustrating  the  various  stages  of  different  manufactures  from 
raw  materials  to  finished  products. 


ENGLISH. 

George  F.  Mills.    Hermajst  Babson. 

The  aim  of  this  department  is  to  secure  :  (a)  ability  to  give  oral 
and  written  expression  of  thought  in  correct,  effective  English ; 
(&)  acquaintance  with  the  masterpieces  of  American  and  English 
literature  ;  (c)  ability  to  present,  logically  and  forcibly,  oral  and 
written  arguments  on  propositions  assigned  for  debate.  The  fol- 
lowing subjects  are  studied  :  — 

1.  Rhetoric. — The  course  in  rhetoric  comprises  a  study  of  the 
choice  of  words,  the  theory  of  phraseology,  special  objects  in 
style,  the  sentence,  the  paragraph,  the  whole  composition  in  its 
plan,  arrangement  and  development.  This  is  followed  by  lectures 
on  invention,  in  which  the  elements  and  underlying  principles  of 
literature  are  discussed.  The  students  are  expected  to  give  practi- 
cal illustration  of  the  principles  taught  in  written  exercises,  themes 
and  compositions  that  are  required  throughout  the  course. 

2.  Oratory. — Individual  drill  in  declamation,  first  in  private 
and  then  before  the  class,  is  given  during  freshman  and  sophomore 
years.  The  choice  of  speakers  for  the  Burnham  prizes  is  based 
upon  this  work.  In  the  junior  year  at  least  three  orations,  upon 
subjects  assigned  by  the  instructor  or  chosen  by  the  student,  are 
written  and  delivered  before  the  class.  Every  oration  is  criticised 
by  the  instructor  before  it  is  committed  to  memory  by  the  student. 
The  choice  of  speakers  for  the  Flint  prizes  in  oratory"  is  based 
upon  this  work. 

3.  Literature. — American  literature  is  studied  in  the  spring 
semester  of  sophomore  year  and  English  literature  in  the  fall  and 
spring  semesters  of  junior  year.  Text-books  are  used  and  atten- 
tion is  given  to  the  history  of  the  literature.  This,  however,  is 
made  secondary  to  the  literature  itself.  An  attempt  is  made  to 
interest  the  student  in  literature,  and  to  secure  familiarity  with 
authors  through  their  writings  rather  than  through  what  others 
have  written  about  their  writings. 

4.  Argumentation.  —  The  required  English  of  senior  year  is  a 
course  in  written  and  oral  argumentation.  The  principles  of  the 
subject  are  studied  in  text-books  and  in  the  work  of  eminent 
debaters,  and  the  practical  illustration  and  use  of  these  principles 
are  secured  by  written  briefs  and  forensies  and  by  oral  debate. 
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The  elective  course  in  English,  offered  in  senior  year,  comprises 
a  study  of  the  English  language  in  its  origin  and  development  and 
of  a  limited  portion  of  English  literature.  Poets  and  prose 
writers  of  the  eighteenth  century  and  of  the  early  part  of  the  nine- 
teenth century  are  studied,  for  the  purpose  of  making  acquaintance 
with  their  thought  and  style  and  as  illustrations  of  the  principles  of 
literary  criticism. 

HORTICULTURE. 

Samuel  T.  Matnaed. 

Instruction  is  given  in :  (a)  fruit  culture  ;  (6)  market  garden- 
ing ;  (c)  floriculture  ;  (d)  forestry.  For  practical  work  there  are 
extensive,  well-stocked  orchards,  nurseries  and  greenhouses,  where 
the  production  of  fruit,  market-garden  and  greenhouse  crops  is 
constantly  carried  on. 

MATHEMATICS  AND  ENGINEERING. 

John  E.  Ostrander.    Philip  B.  Hasbrouck. 

(a)  Pure  mathematics ;  (b)  physics ;  (c)  drawing ;  (d)  engi- 
neering. The  department  is  well  supplied  with  the  necessary 
instruments  for  surveying  and  engineering,  and  practical  work  in 
the  field  is  required.  A  laboratory  for  physics  has  recently  been 
opened,  where  the  student  can  solve  for  himself  problems  in 
mechanics,  electricity,  light  and  sound. 

At  first  glance  it  might  appear  that  mathematics  would  play  a 
very  small  part  in  the  curriculum  of  an  agricultural  college,  and, 
while  it  is  true  that  its  chief  object  is  of  a  supplementary  nature, 
it  is  equally  true  that,  entirely  aside  from  its  value  as  a  means  of 
mental  discipline,  mathematics  has  a  well  defined  and  practical 
object  to  accomplish.  In  this  day  of  scientific  experiment,  ob- 
servation and  research  on  the  farm,  the  advantages  of  a  thorough 
knowledge  of  the  more  elementary  branches  of  mathematics,  gen- 
eral physics  and  engineering  must  be  more  than  ever  apparent ; 
and  it  is  to  meet  the  needs  of  the  agricultural  college  student  in 
these  lines  that  the  work  in  the  mathematical  department  has  been 
planned. 

The  mathematics  of  the  freshman,  sophomore  and  junior  years 
are  required,  those  of  the  senior  year  elective. 

A  glance  at  the  schedule  of  studies  will  show  the  sequence  of 
subjects :  algebra  and  geometry  in  the  freshman  year ;  trigonom- 
etry, mechanical  drawing,  mechanics  and  plane  surveying,  —  the 
latter  embracing  lectures  and  field  work,  the  use  of  instruments, 
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computation  of  areas,  levelling,  etc.,  —  in  the  sophomore  year; 
general  physics,  with  work  in  laboratory,  —  including  electricity, 
sound,  light  and  heat,  —  in  the  junior  year;  and,  finally,  two 
electives  in  the  senior  year,  —  mathematics  and  engineering,  re- 
spectively. 

The  mathematical  option  includes  the  following  subjects  :  plane 
analytic  geometry,  embracing  a  study  of  the  equations  and  prop- 
erties of  the  point,  line  and  circle,  and  of  the  parabola,  ellipse 
and  hyperbola  ;  differential  calculus  ;  and  integral  calculus. 

The  mathematical  option  includes  the  following  subjects  :  fall 
term,  plane  analytic  geometry,  embracing  a  study  of  the  equations 
and  properties  of  the  point,  line  and  circle,  and  of  the  parabola, 
ellipse  and  hyperbola  ;  winter  term,  differential  calculus  ;  and  sum- 
mer term,  integral  calculus. 

The  senior  engineering  option  is  designed  to  give  to  the  student 
the  necessary  engineering  training  to  enable  him  to  take  up  and 
apply,  on  the  lines  of  landscape  engineering  and  the  development 
of  property,  his  knowledge  of  landscape  gardening,  agriculture, 
forestry,  botany  and  horticulture.  It  embraces  a  course  of  lect- 
ures, recitations  and  field  work  on  the  following  subjects  :  topog- 
raphy, railroad  curves,  earth  work,  construction  and  maintenance 
of  roads,  water  works  and  sewerage  systems,  elementary  structures, 
elementary  mechanism,  etc. 

It  is  believed  that  the  engineering  elective  will  equip  the  student 
to  enter  a  comparatively  new  field,  that  of  landscape  engineering, 
which  is  coming  more  and  more  prominently  before  the  public 
attention ;  for,  with  the  increasing  consideration  which  iS  being 
paid  to  the  public  health  and  the  development  and  beautifying  of 
our  towns  and  cities,  come  fresh  needs  and  opportunities. 


MILITARY. 

John  Andehson,  Captain,  U  S.  A. 

This  was  established  by  act  of  Congress,  and  all  students, 
unless  physically  disabled,  are  required  to  attend  its  exercises. 
Its  object  is  three-fold  :  first,  the  dissemination  of  military  knowl- 
edge throughout  the  country;  second,  physical  exercise  and  mus- 
cular training ;  and,  third,  to  inculcate  respect  and  obedience 
to  those  in  authority.  There  are  three  hours'  drill  per  week  for 
the  whole  college,  one  hour  recitation  for  the  senior  and  fresh- 
man classes,  and  a  weekly  inspection  of  the  rooms  in  the  dormi- 
tories. 
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POLITICAL   SCIENCE. 

Charles  S.  Walker. 

Economics.  —  1.  The  elements  of  political  economy  are  taught 
by  means  of  text-book  and  lectures,  the  aim  being  to  make  the 
student  familiar  with  the  facts,  definitions,  principles  and  laws  of 
the  science  which  are  generally  accepted,  while  at  the  same  time 
he  is  trained  to  criticise  theories,  scrutinize  facts  and  weigh  argu- 
ments. 2.  The  industrial  history  of  England  and  the  United 
States  is  studied.  3.  The  following  elective  courses  are  offered  : 
(1)  economics  of  agriculture;  (2)  banks  and  banking;  (3)  prob- 
lems of  the  currency  ;  (4)   trusts,  or  monopolistic   corporations  ; 

(5)  transportation  ;  (6)  socialism.  4.  Practical  economics.  Each 
member  of  the  class  selects  a  question  for  investigation,  in  which 
he  is  interested,  and  devotes  two  or  three  months  to  its  solution. 
The  results  of  his  work  are  presented  in  a  paper  read  before  the 
class,  explained,  and  defended  from  criticism. 

The  purpose  of  the  whole  course  is  to  fit  the  student  to  under- 
stand the  economic  movements  of  his  time,  so  that  he  can  success- 
fully solve  the  problems  which  may  confront  him. 

Constitutional  History.  —  1.  Political  institutions.  By  use  of 
text-book  and  lectures  the  student  is  led  to  understand  what  is  the 
government,  municipal,  State  and  federal,  now  existing  in  the 
United  States.  This  government  is  compared  and  contrasted  with 
the  governments  of  England,  France  and  Germany.  Care  is  taken 
to  familiarize  the  student  with  the  practical  methods  of  legislation, 
of  nominating  conventions,  of  elections  and  of  administration. 
2.  Constitutional  history  of  England  and  of  the  United  States, 
with  discussions  relating  to  the  origin,  nature,  scope  and  purpose 
of  government. 

VETERINARY. 

James  B.  Paige. 

To  give  a  general  idea  of  the  principles  of  veterinary  science  in 
such  simple  and  comprehensive  manner  as  to  enable  one  to  give 
animals  under  his  supervision  such  care  and  treatment  as  will  tend 
to  secure  and  maintain  a  healthful  condition,  thereby  preventing 
the  occurrence  of  disease  among  them,  is  the  aim  of  the  course  of 
study  in   this  department,      (a)    The   hygiene  of   farm   animals; 

(6)  the  anatomy  and  physiology  of  the  bony,  muscular,  circula- 
tory, respiratory,  genital  and  digestive  systems  ;  (c)  a  study  of  the 
more  common  pathological  processes  and  the  general  causes,  symp- 
toms and  effects  of  disease;    {d)  the  consideration  of  the  diseases 
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of  the  different  organs,  particularly  as  regards  causes,  effects 
and  prevention  ;  (e)  the  nature,  action  and  uses  of  different  drugs. 
This  study  is  elective. 

PHYSIOLOGY  AND   ZOOLOGY. 

Richard  S.  Lull. 

Physiology.  —  This  course  is  offered  to  the  sophoraore  class  dur- 
ing the  fall  semester.  It  is  taught  by  means  of  a  text-book,  Mar- 
tin's "The  Human  Body"  (advanced  course),  supplemented  by 
lectures  and  demonstrations  on  the  skeleton  and  models.  The 
aim  is  to  give,  as  thoroughly  as  may  be,  a  knowledge  of  the 
anatomy  of  the  human  system,  the  physiology  of  its  various  parts, 
a  general  idea  of  hygiene,  and  to  urge  upon  the  student  the  prac- 
tice of  its  teachings.  The  course  presupposes  an  elementary 
knowledge  of  the  subject,  so  that  the  result,  aside  from  its  own 
worth,  forms  a  valuable  aid  to  the  study  of  zoology  which  follows. 

Junior  zoology  includes  a  thorough  laboratory  study  of  the  mor- 
phology of  a  series  of  typical  animals,  ranging  from  the  most 
lowly  microscopic  forms  to  the  niammal ;  supplemented  by  a  par- 
allel course  of  lectures,  whose  aim  is  to  show  the  relationship  and 
development  of  the  groups  already  studied,  and  to  render  orderly 
the  knowledge  gained  through  the  medium  of  the  microscope  and 
scalpel.  The  students  have  access  to  a  reference  library  belong- 
ing to  the  department,  as  well  as  to  the  very  complete  zoological 
museum.  Collateral  reading  is  encouraged,  and  occasional  quizzes 
are  given,  as  a  test  of  the  student's  knowledge  from  all  sources. 

Graduate  zoology  courses  in  invertebrate  and  vertebrate  mor- 
phology and  in  comparative  embryology  are  offered,  constituting 
the  requirements  for  one  minor  subject  for  candidates  for  the  de- 
gree of  Doctor  of  Philosophy. 


ENTOMOLOGY. 

Charles  H.  Fernald.    Henry  T.  Fernald. 

A  course  of  six  hours  a  week  is  offered  in  entomology,  during 
the  spring  semester,  its  aim  being  to  give  a  general  knowledge  of 
insect  anatomy  and  physiology,  and  a  systematic  review  of  the 
entire  group,  taking  as  types,  as  far  as  possible,  those  forms  of 
economic  interest  to  man,  and  at  the  same  time  giving  an  idea  of 
the  life  history  of  each  species  so  taken  and  the  means  of  com- 
bating it.  A  knowledge  of  insecticides  and  insecticide  machinery 
and  their  use  is  given.     An  interesting  feature  of  the  course  is 
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the  collection  which  each  student  makes  and  arranges  of  the  more 
common  species  which  may  be  found  on  the  college  grounds  and 
the  nearby  region.  A  very  full  museum  collection  serves  as  an 
aid  to  identification  and  arrangement. 

Senior  Entomology. — During  the  senior  year  such  members  of 
this  class  as  elect  advanced  entomology  take  a  course  of  lectures 
on  the  external  and  internal  anatomy  of  insects,  and  on  the  various 
methods  by  which  the  injurious  forms  are  destroyed  or  held  in 
check.  The  laboratory  work  consists  of  a  critical  study  of  the 
external  and  internal  anatomy  of  members  of  the  different  groups, 
followed  by  the  determination  of  insects  of  each  group.  In  con- 
nection with  this  work  a  careful  study  of  the  literature  is  made, 
and  familiarity  with  the  analytical  keys  and  the  more  important 
articles  on  injurious  species  is  obtained.  During  the  spring 
semester  much  of  the  time  is  spent  in  the  field,  where  the  student 
is  taught  how  to  look  for  and  find  injuries  caused  by  insects,  to 
recognize  the  species  by  the  nature  of  the  injuries,  and  how  best 
to  deal  with  each  case,  either  by  the  use  of  insecticides  or  other 
methods.  Finally,  each  student  is  required  to  prepare  a  thesis  on 
some  insect  or  group  of  insects  pertaining  to  the  business  in  which 
he  intends  to  engage.  He  is  asked  at  the  beginning  of  the  year 
what  occupation  he  intends  to  follow  after  graduation,  and  is  then 
advised  to  prepare  his  thesis  on  those  insects  with  which  he  will 
have  most  to  deal  in  the  business  he  has  selected.  In  the  prepa- 
ration of  this  thesis  the  work  is  carried  on  in  the  most  approved 
methods,  so  that  he  may  obtain  the  most  scientific  and  at  the  same 
time  practical  knowledge  of  the  subject ;  in  fact,  he  is  taught  such 
methods  of  investigation  that,  if  new  insect  pests  appear  on  his 
crops,  he  will  know  how  to  properly  investigate  them  and  discover 
the  best  and  cheapest  methods  for  their  destruction.  If  this  thesis 
when  completed  contains  information  of  public  interest,  whether 
of  an  economic  character  or  otherwise,  it  is  published,  with  what- 
ever illustrations  are  necessary. 

This  course  is  primarily  for  the  student  of  agriculture  or  horti- 
culture, but,  when  taken  in  connection  with  botany  and  chemistry, 
is  especially  adapted  to  one  wishing  to  fit  himself  as  a  teacher  of 
science  in  our  public  schools  or  to  one  intending  to  study  medi- 
cine,—  but  in  this  case  his  laboratory  work  would  be  devoted 
mainly  to  histology. 

Graduate  Entomology.  —  This  department  is  now  prepared  for 
and  is  receiving  graduates  from  this  and  other  colleges  who  wish 
to  continue  the  study  of  entomology  beyond  what  they  were  able 
to  do  in  their  undergraduate  course.  These  advanced  studies  will 
fit  them  for  positions  in  the  experiment  stations  or  as  State  ento- 
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mologists,  and  also  give  them  most  excellent  training  as  teachers 
in  our  high  schools  and  colleges. 

A  three-years'  course,  leading  to  the  degree  of  Doctor  of  Phi- 
losophy, is  in  active  operation,  three  subjects  —  botany,  chemistry 
and  entomology,  arranged  as  a  major  and  two  minors  —  being 
required.  In  those  cases  where  entomology  is  chosen  as  the  major 
subject,  the  course  consists  of  lectures  and  laboratory  work,  some 
of  the  topics  treated  being  the  following  :  — 

General  morphology  of  insects  :  embryology,  life  histories  and 
transformations,  histology,  pbylogeny  and  relation  to  other  arthro- 
pods ;  hermaphroditism,  hybrids,  parthenogenesis,  psedogenesis 
and  heterogamy;  colors, — chemistry  of  color  in  insects;  lumi- 
nosity ;  deformities  of  insects  ;  variation  ;  duration  of  life. 

Ecology  of  insects  :  dimorphisms  ;  polymorphisms  ;  mimicry, 
warning  coloration ;  insect  architecture ;  fertilization  of  plants 
through  the  agency  of  insects ;  instincts  of  insects  ;  insect  products 
of  value  to  man  ;  geographical  distribution  in  the  different  faunal 
regions  ;  methods  of  distribution  ;  insect  migrations  ;  geological 
history  of  insects  ;  insects  as  disseminators  of  disease  ;  enemies  of 
insects,  vegetable  and  animal,  including  parasitism. 

Economic  entomology  :  general  principles  ;  insecticides  ;  appara- 
tus ;  special  cases  (borers,  etc.)  ;  photography  of  insects  and 
their  work  ;  methods  of  drawing  for  illustrations ;  field  work  on 
insects ;  insect  legislation. 

Systematic  entomology  :  history  of  entomology,  including  classi- 
fications and  the  principles  of  classification ;  laws  governing 
nomenclature;  literature,  —  how  to  find  and  use  it;  indexing 
literature ;  number  of  insects  in  collections  and  in  existence 
(estimated)  ;  lives  of  prominent  entomologists  ;  methods  of  col- 
lecting, preparing,  preserving  and  shipping  insects ;  important 
collections  of  insects. 

In  connection  with  these  topics,  corresponding  laboratory  work 
is  given  as  far  as  possible,  and,  in  addition,  investigations  on 
subjects  not  previously  studied  are  made,  and  the  results  published 
in  the  form  of  graduation  theses. 


EXPENSES. 


Room  rent,  in  advance,  f  12  to  f  24  per  semester, 
Board,  12.60  to  f  5  per  week, 

Fuel,  $0  to  f  15, 

Washing,  30  to  60  cents  per  week, 
Military  suit,  ..... 

Expenses  per  year. 


.  $24  00 

$48  00 

.   95  00 

190  00 

5  00 

16  00 

.   11  40 

22  80 

.   15  75 

15  75 

.  f 151  15 

$291  55 
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In  addition  to  the  above  expenses,  $80  tuition  is  charged  to 
foreigners. 

Board  in  chibs  has  been  about  $2.45  per  week;  in  private  fami- 
lies, $4  to  $5.  The  military  suit  must  be  obtained  immediately 
upon  entrance  at  college,  and  used  in  the  drill  exercises  prescribed. 
The  following  fees  will  be  charged  for  the  maintenance  of  the 
several  laboratories  ;  chemical,  $15  per  semester  used  ;  zoological, 
$4  per  semester  used  ;  botanical,  $1  per  semester  used  by  sophomore 
class,  $3  per  semester  used  by  senior  class ;  entomological,  $3  per 
semester  used.  Some  expense  will  also  be  incurred  for  lights  and 
text-books.  Students  whose  homes  are  within  the  State  of  Massa- 
chusetts can  in  most  cases  obtain  a  scholarship  by  applying  to  the 
senator  of  the  district  in  which  they  live. 


ROOMS. 


All  students,  except  those  living  with  parents  or  guardians,  will 
be  required  to  occupy  rooms  in  the  college  dormitories. 

For  the  information  of  those  desiring  to  carpet  their  rooms,  the 
following  measurements  are  given  :  in  the  south  dormitory  the 
study  rooms  are  about  fifteen  by  fourteen  feet,  with  a  recess  seven 
feet  four  inches  by  three  feet ;  and  the  bedrooms  are  eleven  feet 
two  inches  by  eight  feet  five  inches.  This  building  is  heated  by 
steam.  In  the  north  dormitory  the  corner  rooms  are  fourteen  by 
fifteen  feet,  and  the  annexed  bedrooms  eight  by  ten  feet.  The 
inside  rooms  are  thirteen  and  one-half  by  fourteen  and  one-half 
feet,  and  the  bedrooms  eight  by  eight  feet.  A  coal  stove  is  fur- 
nished with  each  room.  Aside  from  this,  all  rooms  are  unfur- 
nished. Mr.  Thomas  Canavan  has  the  general  superintendence 
of  the  dormitories,  and  all  correspondence  relative  to  the  engaging 
of  rooms  should  be  with  him. 


SCHOLARSHIPS. 
Established  by  Private  Individuals. 

Mary  Robinson  Fund  of  one  thousand  dollars,  the  bequest  of 
Miss  Mary  Robinson  of  Medfield. 

Whiting  Street  Fund  of  one  thousand  dollars,  the  bequest  of 
Whiting  Street,  Esq.,  of  Northampton. 

Henry   Gassett   Fund  of  one  thousand  dollars,  the  bequest  of 
Henry  Gassett,  Esq.,  of  North  Weymouth. 

The  income  of  the  above  funds  is  assigned  by  the  faculty  to 
worthy  students  requiring  aid. 
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Congressional  Scholarships. 
The  trustees  voted  in  January,  1878,  to  establish  one  free 
scholarship  for  each  of  the  congressional  districts  of  the  State. 
Application  for  such  scholarships  should  be  made  to  the  repre- 
sentative from  the  district  to  which  the  applicant  belongs.  The 
selection  for  these  scholarships  will  be  determined  as  each  member 
of  Congress  may  prefer ;  but,  where  several  applications  are  sent 
in  from  the  same  district,  a  competitive  examination  would  seem 
to  be  desirable.  Applicants  should  be  good  scholars,  of  vigorous 
constitution,  and  should  enter  college  with  the  intention  of  remain- 
ing through  the  course. 

State  Scholarships. 
The  Legislature  of  1883  passed  the  following  resolve  in  favor 
of  the  Massachusetts  Agricultural  College  :  — 

Besolved,  That  there  shall  be  paid  annually,  for  the  terra  of  four  years, 
from  the  treasury  of  the  Commonwealth  to  the  treasurer  of  the  Massa- 
chusetts Agricultural  College,  the  sum  of  ten  thousand  dollars,  to  enable 
the  trustees  of  said  college  to  provide  for  the  students  of  said  institution 
the  theoretical  and  practical  education  required  by  its  charter  and  the 
law  of  the  United  States  relating  thereto. 

Besolved,  That  annually  for  the  term  of  four  years  eighty  free  scholar- 
ships be  and  hereby  are  established  at  the  Massachusetts  Agricultural 
College,  the  same  to  be  given  by  appointment  to  persons  in  this  Com- 
monwealth, after  a  competitive  examination,  under  rules  prescribed  by 
the  president  of  the  college,  at  such  time  and  place  as  the  senator  then 
in  ofiice  from  each  district  shall  designate ;  and  the  said  scholarships 
shall  be  assigned  equally  to  each  senatorial  district.  But,  if  there  shall 
be  less  than  two  successful  applicants  for  scholarships  from  any  sena- 
torial district,  such  scholarships  may  be  distributed  by  the  president  of 
the  college  equally  among  the  other  districts,  as  nearly  as  possible ;  but 
no  applicant  shall  be  entitled  to  a  scholarship  unless  he  shall  pass  an 
examination  in  accordance  with  the  rules  to  be  established  as  herein- 
before provided. 

The  Legislature  of  1886  passed  the  following  resolve,  making 
perpetual  the  scholarships  established  :  — 

Besolved,  That  annually  the  scholarships  established  by  chapter  forty- 
six  of  the  resolves  of  the  year  eighteen  hundred  and  eighty-three  be 
given  and  continued  in  accordance  with  the  provisions  of  said  chapter. 

In  accordance  with  these  resolves,  any  one  desiring  admission  to 
the  college  can  apply  to  the  senator  of  his  district  for  a  scholar- 
ship. Blank  forms  of  application  will  be  furnished  by  the  presi- 
dent. 
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THE   LABOR  FUND. 

The  object  of  this  fund  is  to  assist  those  students  who  are 
dependent  either  wholly  or  in  part  on  their  own  exertions,  by  fur- 
nishing them  work  in  the  several  departments  of  the  college.  The 
greatest  opportunity  for  such  work  is  found  in  the  agricultural  and 
horticultural  departments.  Application  should  be  made  to  Profs. 
William  P.  Brooks  and  Samuel  T.  Maynard,  respectively  in  charge 
of  said  departments.  Students  desiring  to  avail  themselves  of  its 
benefits  must  bring  a  certificate  signed  by  one  of  the  selectmen  of 
the  town  in  which  they  are  resident,  certifying  to  the  fact  that  they 
require  aid. 

PRIZES. 
BuRNHAM  Rhetorical  Prizes. 
These  prizes  are  awarded  for  excellence  in  declamation,  and  are 
open  to  competition,  under  certain  restrictions,  to  members  of  the 
sophomore  and  freshman  classes. 

Flint  Prizes. 
Mr.  Charles  L.  Flint  of  the  class  of  1881  has  established  two 
prizes,  one  of  thirty  dollars  and  another  of  twenty  dollars,  to  be 
awarded,  at  an  appointed  time  during  commencement  week,  to  the 
two  members  of  the  junior  class  who  may  produce  the  best  ora- 
tions. Excellence  in  both  composition  and  delivery  is  considered 
in  making  the  award. 

Grinnell  Agricultural  Prizes. 
Hon.  William  Claflm  of  Boston  has  given  the  sum  of  one  thou- 
sand dollars  for  the  endowment  of  a  first  and  second  prize,  to 
be  called  the  Grinnell  agricultural  prizes,  in  honor  of  George  B. 
Grinnell,  Esq.,  of  New  York.  These  two  prizes  are  to  be  paid  in 
cash  to  those  two  members  of  the  graduating  class  who  may  pass 
the  best  written  and  oral  examination  in  theoretical  and  practical 

agriculture. 

Hills  Botanical  Prizes. 

For  the  best  herbarium  collected  by  a  member  of  the  class  of 
1901  a  prize  of  twenty  dollars  is  offered,  and  for  the  second  best 
a  prize  of  ten  dollars  ;  also  a  prize  of  five  dollars  for  the  best  col- 
lection of  native  woods. 

The  botanical  department  offers  in  1901  a  prize  of  five  dollars 
for  the  best  collection  of  pathogenic  fungi,  and  also  a  prize  of  five 
dollars  for  the  best  collection  of  lichens. 
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The  prizes  in  1900  were  awarded  as  follows  :  — 

Burnham  Rhetorical  Prizes:  Maurice  A.  Blake  (1902),  first; 
John  C  Hall  (1902),  second;  George  E.  O'Hearn  (1903),  first; 
William  W.  Peebles  (1903),  second. 

Flint  Oratorical  Prizes:  Edward  S.  Gamwell  (1901),  first; 
George  R.  Bridgeforth  (1901),  second. 

Grinnell  Agrictdtural  Prizes:  Mark  H.  Munson  (1900),  first; 
Morris  B.  Landers  (1900),  second. 

Hills  Botanical  Prizes:  Arthur  A.  Harmon  (1900),  first;  Mark 
H.  Munson  (1900),  second. 

Dairy  Prizes,  given  by  the  Massachusetts  Society  for  Promoting 
Agriculture  :  Edwin  H.  Cande,  first  (fifty  dollars  in  gold)  ;  Charles 
W.  Trow,  second  (thirty  dollars  in  gold)  ;  William  A.  French, 
third  (twenty  dollars  in  gold). 


RELIGIOUS  SERVICES. 
Chapel  exercises  are  held  every  week-day  at  8  a.m.  Public  wor- 
ship in  the  chapel  every  Suuday  at  9.15  a.m.  Further  opportu- 
nities for  moral  and  religious  culture  are  afforded  by  a  Bible  class 
taught  by  one  of  the  professors  for  an  hour  every  Sabbath  after- 
noon and  by  religious  meetings  held  on  Sunday  afternoon  and 
during  the  week,  under  the  auspices  of  the  College  Young  Men's 
Christian  Association. 

EQUIPMENT. 

Agricultural  Department. 

The  Farm.  —  Among  the  various  means  through  which  instruc- 
tion in  agriculture  is  given,  none  exceeds  iu  importance  the  farm. 
The  part  which  is  directly  under  the  charge  of  the  professor  of 
agriculture  comprises  about  one  hundred  and  sixty  acres  of  im- 
proved land,  forty  acres  of  pasture  and  sixteen  acres  of  woodland. 

Of  the  improved  land,  about  thirty  acres  are  kept  permanently 
in  grass. 

The  rest  of  the  farm  is  managed  under  a  system  of  rotation,  all 
parts  being  alternately  in  grass  and  hoed  crops.  All  the  ordinary 
crops  of  this  section  are  grown,  and  man}'  not  usually  seen  upon 
Massachusetts  farms  find  a  place  here.  Our  large  stock  of  milch 
cows  is  fed  largely  in  the  barn,  and  hence  fodder  crops  occupy  a 
prominent  place.  Experiments  of  various  kinds  are  continually 
under  trial ;  and  every  plat  is  staked,  and  bears  a  label  stating 
variety  under  cultivation,  date  of  planting,  and  manures  and  fer- 
tilizers used. 
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Methods  of  land  improvement  are  constantly  illustrated  here,  tile 
drainage  especially  receiving  a  large  share  of  attention.  There 
are  now  some  nine  miles  of  tile  drains  in  successful  and  very  satis- 
factory operation  upon  the  farm.  Methods  of  clearing  land  of 
stumps  are  also  illustrated,  a  large  amount  of  such  work  having, 
been  carried  on  during  the  last  few  years. 

In  all  the  work  of  the  farm  the  students  are  freely  employed, 
and  classes  are  frequently  taken  into  the  fields  ;  and  to  the  lessons 
to  be  derived  from  these  fields  the  students  are  constantly  referred. 

The  Barn  and  Stock.  —  Our  commodious  barns  contain  a  large 
stock  of  milch  cows,  many  of  which  are  grades ;  but  the  following 
pure  breds  are  represented  by  good  animals,  viz.,  Holstein- 
Friesian,  Ayrshire,  Jersey,  Guernsey  and  Shorthorn.  Experi- 
ments in  feeding  for  milk  and  butter  are  continually  in  progress. 
We  have  a  fine  stock  of  Southdown  sheep.  Swine  are  represented 
by  the  Middle  Yorkshire,  Chester  White,  Poland  China,  Berk- 
shire, Tamworth  and  Belted  breeds.  Besides  work  horses,  we 
have  a  number  of  pure  bred  Percherons,  used  for  breeding  as  well 
as  for  work ;  and  a  few  fine  French  coach  horses. 

The  barn  is  a  model  of  convenience  and  labor-saving  arrange- 
ments. It  illustrates  different  methods  of  fastening  animals, 
various  styles  of  mangers,  watering  devices,  etc.  Connected  with 
it  are  commodious  storage  rooms  for  vehicles  and  machines.  It 
contains  silos  and  a  granary.  A  very  large  share  of  the  work  i& 
performed  by  students,  and  whenever  points  require  illustration,, 
classes  are  taken  to  it  for  that  purpose. 

Dairy  School. — Connecting  with  the  barn  is  a  wing  providing: 
accommodation  for  practical  and  educational  work  in  dairying. 
The  wing  contains  one  room  for  heavy  dairy  machinery,  another 
for  lighter  machinery,  both  large  enough  to  accommodate  various 
styles  of  all  prominent  machines  ;  a  large  ice-house,  a  cold-storage 
room  and  a  room  for  raising  cream  by  gravity  methods,  a  class 
room  and  a  laboratory.  The  power  used  is  an  electric  motor. 
This  department  is  steam  heated  and  piped  for  hot  and  cold  water 
and  steam.  In  this  department  has  been  placed  a  full  line  of 
modern  dairy  machinery,  so  that  we  are  able  to  illustrate  all  the 
various  processes  connected  with  the  creaming  of  milk,  its  prepara- 
tion for  market  and  the  manufacture  of  butter.  Special  instruc- 
tion in  such  work  is  offered  in  the  dairy  course. 

Equipment  of  Farm.  —  Aside  from  machines  and  implements 
generally  found  upon  farms,  the  more  important  of  those  used 
upon  our  farm  and  in  our  barn  which  it  seems  desirable  to  mention 
are  the  following :  reversible  sulky  plough,  broadcast  fertilizer 
distributer,  manure  spreader,  grain  drill,  horse  corn  planter,  potato 
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planter,  wheelbarrow  grass  seeder,  hay  loader,  potato  digger  and 
fodder  cutter  and  crusher.  It  is  our  aim  to  try  all  novelties  as 
they  come  out,  and  to  illustrate  everywhere  the  latest  and  best 
methods  of  doing  farm  work. 

Lecture  Room. — The  agricultural  lecture  room  in  south  college 
is  well  adapted  to  its  uses.  It  is  provided  with  numerous  charts 
and  lantern  slides,  illustrating  the  subjects  taught.  Connected 
with  it  is  a  small  room  at  present  used  for  the  storage  of  illus- 
trative material,  which  comprises  soils  in  great  variety,  all  impor- 
tant fertilizers  and  fertilizer  materials,  implements  used  in  the 
agriculture  of  our  own  and  other  countries,  and  a  collection  of 
grasses  and  forage  plants,  grains,  etc. 

A  valuable  addition  to  our  resources  consists  of  a  full  series 
of  Landsberg's  models  of  animals.  These  are  accurate  models  of 
selected  animals  of  all  the  leading  breeds  of  cattle,  horses,  sheep 
and  swine,  from  one-sixth  to  full  size,  according  to  subject.  We 
are  provided  with  a  complete  collection  of  seeds  of  all  our  common 
grasses  and  the  weeds  which  grow  in  mowings,  and  have  also 
a  large  collection  of  the  concentrated  food  stuffs.  All  these  are 
continually  used  in  illustration  of  subjects  studied. 

Museum. — A  beginning  has  been  made  towards  accumulating 
material  for  an  agricultural  museum.  This  is  to  contain  the  rocks 
from  which  soils  have  been  derived,  soils,  fertilizer  materials  and 
manufactured  fertilizers,  seeds,  plants  and  their  products,  stuffed 
animals,  machines  and  implements.  It  is  expected  to  make  this 
collection  of  historical  importance  by  including  in  it  old  types  of 
machines  and  implements,  earlier  forms  of  breeds,  etc.  For  lack 
of  room  the  material  thus  far  accumulated  is  stored  in  a  number 
of  scattered  localities,  and  much  of  it  where  it  cannot  be  satis- 
factorily exhibited. 

Botanical  Department. 

The  botanical  department  is  located  in  the  building  known  as 
the  Botanical  Museum,  and  contains  the  botanical  laboratory, 
lecture  room  and  botanical  museum.  Adjacent  to  the  botanical 
laboratory  are  a  collection  of  native  and  ornamental  shrubs  avail- 
able for  botanical  study,  and  a  conservatory  containing  a  series  of 
houses  ranging  from  twelve  to  twenty-five  feet  high  and  twenty- 
five  to  forty  feet  wide,  representing  7,190  square  feet  ground  sur- 
face, which  is  devoted  to  the  cultivation  of  a  large  variety  of 
exotic  plants. 

The  Botanical  Museum  contains  the  Knowlton  herbarium,  of 
over  thirteen  thousand  species  of  phanerogamous  and  the  higher 
cryptogamous  plants.     There  are  about  twelve  hundred  specimen 
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of  lichens  and  fifteen  hundred  specimens  of  mosses  and  liverworts. 
These  include  many  foreign  species,  as  well  as  such  valuable  local 
collections  as  Tuckerman's  and  Frost's.  The  collection  of  flower- 
ing plants  has  been  entirely  rearranged  according  to  the  system  of 
Engler  and  Prantl  during  the  past  year,  and  the  specimens  have 
been  provided  with  new  genus  covers  and  labels.  A  special  feature 
of  the  herbarium  is  a  comparatively  large  collection  of  old  Massa- 
chusetts plants,  which  formerly  constituted  the  State  collection 
located  at  Boston.  It  is  the  intention  to  make  the  collection  of 
Massachusetts  plants  as  complete  as  possible  for  the  purpose  of 
reference.  The  museum  also  contains  a  large  collection  of  native 
woods,  cut  so  as  to  show  their  individual  structure ;  numerous 
models  of  native  fruits ;  specimens  of  abnormal  and  peculiar  forms 
of  stems,  fruits,  vegetables,  etc.  ;  many  interesting  specimens  of 
unnatural  growths  of  trees  and  plants,  natural  grafts,  etc.  ; 
together  with  models  for  illustrating  the  growth  and  structure  of 
plants,  and  including  a  model  of  the  squash  which  raised  by  the 
expansive  force  or  turgidity  of  its  growing  cells  the  enormous 
weight  of  five  thousand  pounds. 

The  Botanical  Lecture  Room,  having  a  capacity  for  sixty  stu- 
dents, is  provided  with  diagrams  and  charts  of  over  three  thousand 
figures,  illustrating  structural,  systematic  and  physiological  botany. 

The  Botanical  Laboratory  has  provision  for  thirty-four  students 
to  work  at  one  time.  Each  student  is  provided  with  a  locker, 
wherein  he  can  dispose  of  his  equipment  necessary  for  study.  The 
laboratory  is  equipped  with  forty  compound  microscopes,  rep- 
resenting Leitz',  Reichert's,  Bausch  and  Lomb's,  Beclv's,  Queen's 
and  Tolles'  patterns,  with  objectives  varying  from  four  inch  to 
one-fifteenth  inch  focal  length,  and  also  with  twenty  dissecting 
microscopes  to  assist  in  the  study  of  structural  and  systematic 
botany.  It  also  contains  four  induction  coils,  including  a  Du  Bois- 
Reymond  induction  apparatus  and  rheocord,  a  Lippmann  capillary 
electrometer,  a  galvanometer,  and  various  other  forms  of  electrical 
appliances  especially  devised  for  studying  the  influence  of  elec- 
tricity upon  the  growth  of  plants.  There  are  also  Thoma,  Minot 
and  Beck  microtomes,  a  self-registering  thermometer  and  hygrom- 
eter, a  Wortmaun  improved  clinostat  and  also  one  of  special  con- 
struction, an  Arthur  centrifugal  apparatus  with  electric  motor, 
various  forms  of  self-registering  appliances  for  registering  the 
growth  of  plants,  including  a  Pfeffer-Baranetsky  electrical  self- 
registering  auxanometer,  a  Sach's  arcauxanometer,  a  horizontal 
reading  microscope  (Pfeffer  model),  various  kinds  of  dynamometers 
of  special  construction,  respiration  ajipliances,  mercurial  sap  and 
vacuum  gauges,  manometers,  gas  and  exhaust  chambers,  besides 
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various  other  appliances  for   work   and   demonstration  in  plant 

physiology.     The  laboratory  is  also  provided    with    an  Eastman 

landscape  camera,  a  Bausch  and  Lomb  micro-photographic  camera, 

and  a  dark  closet  equipped  for  photographic  and  other  kinds  of 

work. 

Horticultural  Department. 

Greenhouses.  —  To  aid  in  the  instruction  in  botany,  as  well  as 
in  floriculture  and  market  gardening,  the  glass  structures  contain 
a  large  collection  of  plants  of  a  botanic  and  economic  value,  as 
well  as  those  grown  for  commercial  purposes.  They  consist  of 
two  large  octagons,  forty  by  forty  feet,  with  sides  twelve  feet 
high  and  a  central  portion  over  twenty  feet  high  for  the  growth 
of  large  specimens,  like  palms,  tree  ferns,  the  bamboo,  banana, 
guava,  olive,  etc.  ;  a  moist  stove  twenty-five  feet  square ;  a  dry 
stove  of  the  same  dimensions  ;  a  rose  room,  twenty-five  by  twenty 
feet ;  a  room  for  aquatic  plants,  twenty  by  twenty-five  feet ;  a 
room  for  ferns,  mosses  and  orchids,  eighteen  by  thirty  feet ;  a 
large  propagating  house,  fifty  by  twenty-four  feet,  fitted  up  with 
benches  sufficient  in  number  to  accommodate  fifty  students  at 
work  at  one  time  ;  a  vegetable  house,  forty-two  by  thirty-two  feet ; 
a  large  propagating  house,  thirty-six  by  seventy-five  feet,  for  the 
growing  of  carnations,  violets  and  bedding  plants ;  a  cold  grapery, 
eighteen  by  twenty-five  feet.  To  these  glass  structures  are  at- 
tached three  work  rooms,  equipped  with  all  kinds  of  tools  for 
greenhouse  work.  In  building  these  houses  as  many  as  possible 
of  the  principles  of  construction,  heating,  ventilation,  etc.,  have 
been  incorporated  for  the  purposes  of  instruction. 

Orchards.  —  These  are  extensive,  and  contain  nearly  all  the 
valuable  leading  varieties,  both  old  and  new,  of  the  large  fruits, 
growing  under  various  conditions  of  soil  and  exposure.  The  com- 
mercial plantation,  called  the  "  Clark  orchard,"  consisting  of  seven 
acres,  contains  five  hundred  and  twenty-eight  trees  of  a  few  lead- 
ing varieties  of  apples,  pears,  plums  and  peaches,  planted  in  the 
spring  of  1898.  This  is  now  in  condition  to  produce  fruit  with 
which  the  commercial  side  of  fruit  growing  may  be  more  fully 
illustrated  than  in  the  older  orchards,  which  contain  only  one  or 
two  trees  of  each  kind. 

Small  Fruits.  —  The  small-fruit  plantations  contain  a  large  num- 
ber of  varieties  of  each  kind,  especially  the  new  and  promising 
ones,  which  are  compared  with  older  sorts,  in  plots  and  in  field 
culture.  Methods  of  planting,  pruning,  training,  cultivation,  study 
of  varieties,  gathering,  packing  and  shipping  fruit,  etc.,  are  taught 
by  field  exercises,  the  students  doing  a  large  part  of  the  work  of 
the  department. 
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Nursery.  —  This  contains  more  than  five  thousand  trees,  shrubs 
and  vines  in  various  stages  of  growth,  where  the  different  methods 
of  propagation  by  cuttings,  layers,  budding,  grafting,  pruning  and 
training  are  practically  taught  to  the  students. 

Garden.  —  All  kinds  of  garden  and  farm-garden  crops  are  grown 
in  this  department,  furnishing  ample  illustration  of  the  treatment 
of  market-garden  crops.  The  income  from  the  sales  of  trees, 
plants,  flowers,  fruit  and  vegetables  aids  materially  in  the  support 
of  the  department,  and  furnishes  illustrations  of  the  methods  of 
business,  with  which  all  students  are  expected  to  become  familiar. 

Forestry.  —  Many  kinds  of  trees  suitable  for  forest  planting  are 
grown  in  the  nursery,  and  plantations  have  been  made  upon  the 
college  grounds  and  upon  private  estates  in  the  vicinity,  affording 
good  examples  of  this  most  important  subject.  A  large  forest 
grove  is  connected  with  this  department,  where  the  methods  of 
pruning  trees  and  the  management  and  preservation  of  forests  can 
be  illustrated.  In  the  museum  and  lecture  room  are  collections  of 
native  woods,  showing  their  natural  condition  and  peculiarities  ; 
and  there  have  been  lately  added  the  prepared  wood  sections  of 
R.  B.  Hough,  mounted  on  cards  for  class-room  illustration. 

Ornamental  trees,  shrubs  and  flowering  plants  are  grouped  about 
the  grounds  in  such  a  way  as  to  afford  as  much  instruction  as  pos- 
sible in  the  art  of  landscape  gardening.  All  these,  as  well  as  the 
varieties  of  large  and  small  fruits,  are  marked  with  conspicuous 
labels,  giving  their  common  and  Latin  names,  for  the  benefit  of 
the  students  and  the  public. 

Tool  House. — A  tool  house,  thirty  by  eighty  feet,  has  been 
constructed,  containing  a  general  store-room  for  keeping  small 
tools  ;  a  repair  shop  with  forge,  anvil  and  work-bench  ;  and  a  car- 
penter shop  equipped  with  a  large  Sloyd  bench  and  full  set  of 
tools.  Under  one-half  of  this  building  is  a  cellar  for  storing  fruit 
and  vegetables.  In  the  loft  is  a  chamber,  thirty  by  eighty  feet, 
for  keeping  hot-bed  sashes,  shutters,  mats,  berry  crates,  baskets 
and  other  materials  when  not  in  use. 

Department  of  Zoology. 

Zoological  Laboratory.  —  This  very  necessary  adjunct  to  zoologi- 
cal teaching  is  a  large,  well-lighted  room,  situated  in  the  old  chapel 
building,  and  fitted  with  the  necessary  tables,  trays  and  general 
apparatus,  besides  fifteen  Zentmeyer  microscopes,  two  dissecting 
mici'oscopes,  hand  lenses  and  the  like.  There  have  lately  been 
added  aquaria,  in  which  the  various  types  studied  may  be  seen  in 
as  nearly  as  may  be  their  natural  environment. 

A  reference  library  is  kept  in  the  laboratory,  or  in  the  museum 
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when  the  former  is  not  in  session,  and  the  students  are  urged  to 
become  familiar  with  the  best  zoological  literature  by  constant  use 
of  the  books. 

Zoological  Lecture  Room.  —  An  ample  lecture  room  is  situated 
in  South  College,  adjacent  to  the  museum.  It  is  supplied  with  a 
set  of  Leuckart  charts  and  many  special  ones  as  well,  and  with  a 
complete  set  of  Auzoux  models  illustrative  both  of  human  and 
comparative  anatomy.  A  special  set  of  typical  specimens  are 
being  set  apart  for  class  illustration,  although  the  more  extensive 
museum  collection  is  drawn  upon  for  the  same  purpose. 

Museum  of  Zoology.  —  The  museum,  of  course,  is  mainly  for  the 
purpose  of  exhibiting  those  forms  treated  of  in  the  lecture  and 
laboratory  courses,  but,  in  addition  to  this,  the  aim  has  been  to 
show  as  fully  as  possible  the  fauna  of  the  Commonwealth  and 
those  types  which  show  the  evolution  and  relationship  of  the 
members  of  the  animal  kingdom.  A  department  of  ethnology  has 
lately  been  established,  and  already  one  case  is  full  to  overflowing 
with  articles  of  human  interest,  mainly  from  the  Island  of  Yezzo, 
collected  by  the  late  Colonel  Clark.  The  museum  is  open  to  the 
public  during  a  portion  of  each  afternoon,  and  at  present  is  in 
charge  of  Mr.  D.  Nelson  West  of  the  class  of  1902  and  Mr. 
Clarence  E.  Gordon  of  the  class  of  1901.  The  interest  of  the 
students  in  the  museum  is  attested  by  the  gifts  which  are  con- 
tinually being  received  from  them. 

Entomological  Laboratory.  —  The  equipment  for  work  in  ento- 
mology during  the  senior  year  and  for  graduate  students  is  un- 
usually good.  The  laboratory  building  contains  a  large  room  for 
laboratory  work,  provided  with  tables,  dissecting  and  compound 
microscopes,  microtomes,  reagents  and  glassware,  and  one  portion 
is  fitted  up  as  a  lecture  room.  Another  room  is  devoted  to  library 
purposes,  and  contains  a  card  catalogue  of  over  forty  thousand 
cards,  devoted  to  the  literature  of  insects.  In  addition  to  a  well- 
selected  list  of  entomological  works  in  this  room,  the  college 
library  has  an  unusual  number  of  rare  and  valuable  books  on  this 
subject,  and  this  is  supplemented  by  the  library  of  Amherst  College 
and  by  the  private  entomological  library  of  the  professor  in  charge, 
which  contains  over  twenty-five  hundred  volumes,  many  of  which 
cannot  be  found  elsewhere  in  the  United  States.  In  another  room 
in  the  laboratory  is  a  large  and  growing  collection  of  insects,  both 
adult  and  in  the  early  stages,  which  is  of  much  assistance  to  the 
students.  The  laboratory  being  directly  connected  with  the  in- 
sectary  of  the  Hatch  Experiment  Station,  the  facilities  of  the  latter 
are  directly  available.  The  apparatus  room  of  the  insectary,  with 
its  samples  of  spray  pumps,  nozzles    and  other  articles  for  the 
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practical  treatment  of  insects ;  the  chemical  room,  fitted  up  for 
the  analysis  of  insecticides  and  other  chemico-entomological  work  ; 
and  the  greenhouse,  wliere  plants  infested  by  injurious  insects  are 
under  continual  observation,  and  the  subject  of  experimental  treat- 
ment,—  are  all  available  to  the  student,  and  in  addition,  several 
private  laboratory  rooms  and  a  photographing  room  with  an  un- 
usually good  equipment  of  cameras  are  provided.  The  large  hot- 
houses, grounds,  gardens  and  orchards  of  the  college  are  also 
to  be  mentioned  under  this  head,  providing,  as  they  do,  a  wide 
range  of  subjects  for  the  study  of  the  attacks  of  injurious  insects 
under  natural  conditions. 

Veterinary  Department. 

With  a  new  and  well-equipped  laboratory  and  hospital  stable, 
the  department  has  unsurpassed  facilities  for  the  study  of  animal 
diseases.  The  department  stands  ready  to  investigate  any  out- 
break of  obscure  disease  among  animals  in  the  State,  and  it  cor- 
dially invites  any  one  to  send  specimens  from  diseased  animals  for 
examination,  which  will  be  made  free  of  expense  to  the  sender. 
It  will  not  undertake,  however,  the  treatment  of  animals  suffering 
from  common  diseases. 

The  department  can  well  carry  out  the  course  of  instruction  out- 
lined, as  it  has  been  provided  with  a  new  laboratory  and  hospital 
stable  for  its  special  use.  The  former,  fifty-nine  feet  wide  and 
sixty-three  feet  ten  inches  deep,  contains  on  the  lower  floor  a  large 
general  laboratory,  recitation  room,  office,  animal  room  and  store 
closets.  Connected  with  the  laboratory  is  a  large  incubator  built 
into  the  building,  an  incubator  room  for  portable  incubators,  fume 
chambers,  balance  cabinet,  microscope  cabinet,  etc.  The  floor  is 
asphalt,  laid  upon  cement  work.  The  walls  are  of  enamelled 
brick. 

The  recitation  room  is  sufficiently  large  to  accommodate  about 
forty  students.  On  the  second  floor  are  two  private  laboratories, 
provided  with  store  closets,  fume  chamber,  water,  gas  and  electric 
lights,  a  photographing  room  with  dark  room,  janitor's  rooms  and 
a  museum. 

The  hospital  stable,  located  fifty  feet  in  the  rear  of  the  labora- 
tory, is  of  brick,  consisting  of  three  parts.  A  two-story  upright 
portion,  thirty-three  by  thirty  feet  in  size,  contains  on  the  lower 
floor  an  office  and  pharmacy,  an  operating  room  with  water-tight 
floor,  a  single  stall  and  a  large  box  stall,  grain  room  and  closets. 
The  upper  floor  is  used  for  storage  purposes. 

Extending  to  the  south  and  west  from  the  main  part  is  an  L, 
one  hundred  and  four  feet  in  length  and  twenty-nine  feet  in  width. 
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This  L  is  one  story  in  height,  and  is  divided  by  brick  wall  parti- 
tions into  six  sections,  affording  quarters  for  horses,  cattle,  sheep 
and  swine.  Each  section  is  entirely  independent  of  every  other 
one,  having  separate  ventilator,  water,  heat  and  light.  The  floors 
are  of  Portland  cement,  laid  directly  upon  the  ground.  Every- 
thing has  been  arranged  in  this  portion  of  the  building  to  allow  of 
the  stabling  of  diseased  animals,  at  the  same  time  reducing  to  a 
minimum  the  liability  of  spreading  infection.  The  floors,  walls, 
ceilings  and  fixtures  have  all  been  so  constructed  as  to  allow  of 
easy  and  complete  disinfection. 

In  the  rear  of  the  main  stable  is  an  addition,  thirty-four  by 
twenty-two  feet  in  size.  This  contains  the  kennels,  a  section  for 
poultry  and  a  dissecting  room. 

The  hospital  has  sufficient  capacity  for  the  accommodation  of 
about  fifty  animals. 

The  museum  is  well  equipped  with  the  apparatus  necessary  to 
illustrate  the  subject  as  taught  in  the  class  room,  and  in  addition 
there  is  the  clinical  material  to  be  observed  in  the  hospital.  The 
museum  contains  in  part  an  improved  Auzoux  model  of  the  horse, 
constructed  so  as  to  separate  and  show  in  detail  the  shape,  size, 
structure  and  relations  of  the  different  parts  of  the  body ;  two 
papier-mache  models  of  the  hind  legs  of  the  horse,  showing  dis- 
eases of  the  soft  tissues,  —  wind-galls,  bog  spavins,  etc.,  also  the 
diseases  of  the  bone  tissues,  —  splints,  spavins  and  ringbones; 
two  models  of  the  foot,  one  according  to  Bracy  Clark's  description ; 
the  other  showing  the  Charlier  method  of  shoeing  and  the  general 
anatomy  of  the  foot ;  a  full-sized  model  of  the  bones  of  the  hind 
leg,  giving  shape,  size  and  position  of  each  individual  bone  ;  thirty- 
one  full-sized  models  of  the  jaws  and  teeth  of  the  horse  and  four- 
teen of  the  ox,  showing  the  changes  which  take  place  in  these 
organs  as  the  animals  advance  in  age. 

There  is  an  articulated  skeleton  of  the  famous  stallion  Black- 
hawk,  a  disarticulated  one  of  a  thoroughbred  mare,  besides  one 
each  of  the  cow,  sheep,  pig  and  dog ;  five  prepared  dissections  of 
the  fore  and  hind  legs  of  the  horse,  showing  position  and  relation 
of  the  soft  tissues  to  the  bones  ;  a  papier-mach6  model  of  the  uterus 
of  the  mare  and  of  the  cow ;  a  gravid  uterus  of  the  cow ;  a  wax 
model  of  the  uterus,  placenta  and  foetus  of  the  sheep,  showing  the 
position  of  the  foetus  and  the  attachment  of  the  placenta  to  the 
walls  of  the  uterus. 

In  addition  to  the  above  there  is  a  growing  collection  of  patho- 
logical specimens  of  both  the  soft  and  osseous  tissues,  and  many 
parasites  common  to  the  domestic  animals.  A  collection  of  charts 
and  diagrams  especially  prepared  for  the  college  is  used  in  con- 
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nection  with  lectures  upon  the  subject  of  anatomy,  parturition  and 
conformation  of  animals. 

The  laboratory  is  supplied  with  the  usual  apparatus  required  for 
work  in  histology,  bacteriology  and  pathology,  consisting  of  Zeiss, 
Leitz  and  Reichert  microscopes,  Lautenschlager's  incubator  and 
hot-air  sterilizer,  steam  sterilizers,  etc. 

Library. 
This  now  numbers  21,665  volumes,  having  been  increased  dur- 
ing the  year,  by  gift  and  purchase,  1,625  volumes.  It  is  placed 
in  the  lower  hall  of  the  chapel-library  building,  and  is  made  avail- 
able to  the  general  student  for  reference  or  investigation.  It  is 
especially  valuable  as  a  library  of  reference,  and  no  pains  will 
be  spared  to  make  it  complete  in  the  departments  of  agriculture, 
horticulture,  botany  and  the  natural  sciences.  It  is  open  from 
eight  o'clock  to  half-past  five  in  the  afternoon,  and  an  hour  and  a 
half  in  the  evening. 


ENTRANCE  EXAMINATION  PAPERS  USED  IN   1900. 
The  standard  required  is  65  per  cent,  on  each  paper. 

Algkbba. 

1.  Resolve  into  factors  (a)   Sa;^  — 19a;— 14,  and  (b)   1  — 343a3*. 

2.  Solve  ^  +  M  =  79 

X        y 

^44 

X       y 

^  +  5  +  5 

3.  Simplify  and  reduce  to  lowest  terms 

1+-  +  -. 
X       x^ 


4.  Solve  x-^\^l-\-x'  = 


Vl4-a;2 
5    Solve        6\/a;-11^2Va;+l 

-     „  ,  <  x(x-\-y)=.AQ 

6.  Solve        \     )    ~    {         a 

Geometrt. 

1.  Prove  that  the  sum  of  the  angles  of  any  triangle  equals  two 
right  angles. 

2.  Tlie  angle  at  the  vertex  of  an  isosceles  triangle  ABC  \b  equal 
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to  five-thirds  the  sum  of  the  equal  angles  B  and  C.     How  many 
degrees  are  there  in  each  angle  of  the  triangle  ? 

3.  Prove  that  the  diagonals  of  a  parallelogram  bisect  each  other. 

4.  Prove  that,  in  the  same  circle,  or  equal  circles,  two  central 
angles  are  in  the  same  ratio  as  their  intercepted  arcs. 

5.  Prove  that  the  angle  between  two  chords,  intersecting  within 
the  circumference,  is  measured  by  one-half  the  sum  of  the  inter- 
cepted arc. 

Physical  Geography. 

1.  Describe  and  locate  the  following  :  sirocco,  trade  winds,  mon- 
soon, tornado  and  typhoon. 

2.  Describe  the  action  of  water  in  shaping  the  contour  of  the 
earth's  surface. 

3.  What  are  glaciers?  What  is  the  most  probable  theory  of 
their  formation?  Define  the  terms  lateral  moraine  and  terminal 
moraine. 

4.  Name  and  locate  the  zones  and  the  circles  which  separate 
them. 

5.  What  are  tidal  waves  ?  What  phenomena  do  they  accompany  ? 
What  is  their  cause  ? 

Civil  Government. 

Note. — Penmanship,  spelling,  capitalization  and  punctuation  will  be  considered 
in  determining  the  merit  of  this  paper. 

1.  Name  three  offices  held  by  men  connected  with  the  govern- 
ment of  the  town  or  city  in  which  you  live.  Are  these  men  elected 
or  appointed?  By  whom?  How  long  may  they  hold  the  office? 
Do  they  receive  pay  for  their  services  ? 

2.  Name  three  offices  held  by  men  connected  with  the  govern- 
ment of  the  State  in  which  you  live.  Are  these  men  elected  or 
appointed?  If  elected,  by  whom?  How  long  may  these  men  hold 
the  office  to  which  they  have  been  elected  ?  State  two  qualifications 
of  a  voter  in  your  State. 

3.  Name  three  offices  held  by  men  connected  with  the  United 
States  government,  and  who  are  elected  to  these  offices.  By  wbom 
are  they  elected  ?  State  clearly  and  fully  the  manner  of  electing  the 
President  of  the  United  States.     What  is  the  electoral  college? 

4.  Who  make  the  laws  for  the  government  of  the  State  in  which 
you  live?  Where  and  how  often  do  these  law-makers  meet?  By 
whom  are  they  elected?  How  long  do  they  hold  this  office  of  law- 
maker? 

5.  What  is  the  Congress  of  the  United  States?  Of  how  many 
bodies  does  it  consist,  and  what  is  the  name  of  each?  How  many 
men  has  Massachusetts  in  each  of  these  bodies?  Where  and  how 
often  does  the  Congress  meet? 
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6.  What  is  a  tax?  a  poll  tax?  a  direct  tax?  an  indirect  tax? 
When  is  an  indirect  tax  paid  ?  How  is  the  amount  of  every  citizen's 
direct  tax  determined?  Name  three  objects  for  which  a  town  may 
levy  a  tax  upon  its  citizens ;  three  objects  for  which  a  county  tax 
is  levied.  Name  any  institution  in  the  town  of  Amherst  for  the 
support  of  which  the  citizens  of  your  town  are  taxed. 

Physiology. 

1.  Name  and  locate  all  of  the  bones  of  the  skull,  bounding  each 
bone  as  you  would  bound  the  countries  on  a  map. 

2.  What  is  cartilage?  Tell  of  its  structure,  the  different  sorts 
that  may  be  found  in  the  body  and  their  uses. 

3.  Name,  describe,  and  give  the  functions  of  the  different  glands 
which  pour  their  secretions  into  the  alimentary  canal. 

4.  Define  the  following  terms  as  applied  to  the  human  body : 
co-ordination,  reflex-action,  sensation,  secretion  and  assimilation. 

5.  How  would  you  classify  yourself  with  reference  to  the  rest  of 
the  animal  kingdom?     Give  your  reasons. 

Ekglish. 

Note.  —  Penmanship,  punctuation  and  spelling  are  considered  in  marking  this 
paper.    The  time  allowed  is  an  hour  and  a  half. 

1.  Mention  three  important  periods  in  the  lives  of  any  three  of 
the  following  writers :  Addison,  Goldsmith,  Scott,  Cooper  and 
Whittier ;  and  then  give  the  dates,  as  nearly  as  you  can,  of  the 
lives  of  all  of  them. 

2.  State  briefly  for  what  Goldsmith,  Scott  and  Cooper  were 
especially  noted. 

3.  From  the  following  topics,  write  clearly  and  interestingly 
upon  any  three.  Do  not,  however,  choose  more  than  one  topic 
from  any  particular  group.     Give  your  title  in  each  case. 

Group  a,  "  Sir  Roger  de  Coverley." 
The  seven  members  of  the  Spectator  Club. 
Sir  Roger's  country  house. 
Sir  Roger  at  church. 

Sir  Roger, — the  seventeenth  century  English  country  gentle- 
man. 

Group  b,  "  The  Vicar  of  Wakefield.'* 
The  Primrose  household. 

A  comparison  of  Olivia  Primrose  and  Sophia  Primrose. 
Mr.  Burchell,  —  his  relation  to  the  Primrose  family. 
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Squire  Thornhill. 

Mr.  Primrose  in  prison. 

In  what  way  does  Mr.  Primrose  echo  traits  of  his  author,  Mr. 
Goldsmith  ? 

Group  c,  "  Ivaiihoe." 

The  relation  between  the  Normans  and  the  Saxons,  as  shown  in 
"Ivanhoe." 

A  description  of  Cedric  the  Saxon,  and  of  his  dining  hall. 

The  Ashby  tournament. 

Friar  Tuck's  home  in  the  forest. 

The  character  of  Isaac  of  York. 

The  character  of  Rebecca,  Isaac's  daughter. 

The  trial  of  Rebecca. 

What  we  learn  of  Robin  Hood  and  his  band  from  "  Ivanhoe." 

Group  d,  "  The  Last  of  the  Mohicans." 
The  plot  of  "  The  Last  of  the  Mohicans." 
The  character  Hawk-Eye. 
The  characters  of  Cora  and  Alice  compared. 
The  treacherous  Indian  Scout. 
The  massacre  after  the  surrender  of  Fort  William  Henry. 

Group  e,  "  Snow  Bound." 
"  Snow  Bound"  as  a  revealer  of  Whittier's  early  home. 
Parts  of  "  Snow  Bound  "  that  especially  appeal  to  me. 
Interesting  winter  scenes  described  in  "  Snow  Bound." 
Old  New  England  life  as  described  in  "  Snow  Bound." 
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Newth  —  "  Text-book  of  Inorganic  Chemistry."    Longmans,  Green  & 
Co.,  New  York. 

Reychler  and  McCrae  —  "  Outlines  of  Physical  Chemistry."    Whit- 
aker  &  Co.,  New  York. 

NOYES  —  "  Qualitative  Analysis,"     Macmillan  &  Co.,  New  York. 

MtJTER  —  "Analytical   Chemistry."    P.  Blakiston,  Son  &  Co.,  Phila- 
delphia. 

Talbot  —  "  Quantitative  Chemical  Analysis."    Macmillan  &  Co.,  New 
York. 

Fresenius  —  "  Quantitative  Chemical  Analysis."  John  Wiley  &  Sons, 
New  York. 

Sutton  —  "  Volumetric  Analysis."    J.  &  A.  Churchill,  London. 
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Remsen  —  "  The  Compounds  of  Carbon."    D.  C.  Heath  &  Co.,  Boston. 

Bernthsen  and  McGowan  — "  Text-book  of  Organic  Chemistry." 
Blackie  &  Son,  London. 

VuLTE  and  Neustadt —  "  Inorganic  Preparations."  G.  G.  Peck,  New 
York. 

Cohen  —  "Practical  Organic  Chemistry."  Macmillan  &  Co.,  New- 
York. 

Reynolds  —  "  Experimental  Chemistry."  Longmans,  Green  &  Co., 
New  York. 

Brush  — "  Manual  of  Determinative  Mineralogy."  John  Wiley  & 
Sons,  New  York. 

Dana  —  "A  Text-book  of  Elementary  Mechanics  for  the  Use  of 
Colleges  and  Schools."    John  Wiley  &  Sons,  New  York. 

Faunce  —  "  Mechanical  Drawing."    Linus  Faunce,  Boston. 

Wells  —  "  College  Algebra."     D.  C.  Heath  &  Co.,  Boston. 

Merriman  —"A  Treatise  on  Hydraulics  "  John  Wiley  &  Sons,  New 
York. 

Phillips  and  Strong  —  "  Elements  of  Trigonometry."  Harper  & 
Brothers,  New  York. 

Nichols  —  "Analytic  Geometry."    D.  C.  Heath  &  Co.,  Boston. 

Merriman  —  "A  Text-book  on  the  Mechanics  of  Materials."  John 
Wiley  "&  Sons,  New  York. 

Carhart  —  "  University  Physics."    Allyn  &  Bacon,  Boston. 

Osborne  —  "  An  Elementary  Treatise  on  the  Differential  and  Integral 
Calculus."     D.  C.  Heath  &  Co.,  Boston. 

Merriman —"  A  Text-book  on  Roofs  and  Bridges."  John  Wiley  & 
Sons,  New  Yoi'k. 

Young  —  "A  Text-book  of  General  Astronomy."   Ginn  &  Co.,  Boston. 

Phillips  and  Fisher  —  "  Elements  of  Geometry."  Harper  &  Brothers, 
New  York. 

Merriman  —  "  Elements  of  Sanitary  Engineering."  John  Wiley  & 
Sons,  New  York. 

Martin  —  "The  Human  Body"  (advanced  course).  Henrj^  Holt  & 
Co.,  New  York. 

Walker  —  "Political  Economy"  (briefer  course).  Henry  Holt  & 
Co.,  New  York. 

GiBBiNS  — "The  Industrial  History  of  England."  Methuen  &  Co., 
London. 

Wilson  —  "  The  State."    D.  C.  Heath  &  Co.,  Boston. 

Eielden  —  "A  Short  Constitutional  History  of  England."  Ginn  & 
Co.,  Boston. 

Bradford  —  "The  Lesson  of  Popular  Government."  Macmillan  & 
Co.,  New  York. 

Bullock  —  "  Introduction  to  the  Study  of  Economics."  Silver,  Bur- 
dett  &  Co.,  Boston. 

Hadley  —  "  Economics."    J.  P.  Putnam's  Sons,  New  York. 

Genung  —  "  Outlines  of  Rhetoric."    Ginn  &  Co.,  Boston. 

Pattee — "A  History  of  American  Literature."  Silver,  Burdett  & 
Co.,  Boston. 
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Halleck  —  "  History  of  English  Literature."  American  Book  Com- 
pany, Boston. 

Johnson  —  "  English  Words."    American  Book  Company,  Boston. 

Corson  —  "  Selections  from  Chaucer's  Canterbury  Tales."  Macmil- 
lan  &  Co.,  New  York. 

Webster  —  "English:  Composition  and  Literature."  Houghton, 
Mifflin  &  Co.,  Boston. 

Baker  —  "  The  Principles  of  Argumentation."     Ginn  &  Co,,  Boston. 

Edgren  —  "  Complete  French  Grammar."    D.  C.  Heath  &  Co.,  Boston. 

Laboulate — "  Contes  Bleus."     D.  C.  Heath  &  Co.,  Boston. 

Lamartine  —  "  Jeanne  d'Arc."    D.  C.  Heath  &  Co.,  Boston. 

Corneille  — "  Le  Cid."    D,  C.  Heath  &  Co.,  Boston. 

Moliere  —  "  Le  Bourgeois  Gentilhomme."    D.  C.  Heath  &  Co.,  Boston. 

Racine  —  "  Esther."    D.  C.  Heath  &  Co.,  Boston. 

Hugo  —  "  Ruy  Bias."    D.  C.  Heath  &  Co.,  Boston. 

Hodges  —  "Course  in  Scientific  German."  D.  C.  Heath  &  Co., 
Boston. 

Joynes-Meissner —  "  German  Grammar."    D.  C.  Heath  &  Co.,  Boston. 

Gderber  —  "  Marchen  und  Erzahlungen."    D.  C.  Heath  &  Co.,  Boston. 

Pettit  —  "Elements  of  Military  Science."  The  Tuttle,  Morehouse  & 
Taylor  Press,  New  Haven,  Conn. 

"  Army  and  Drill  Regulations."    Army  and  Navy  Journal,  New  Yoi'k. 


LOCATION. 


Amherst  is  on  the  New  London  Northern  Railroad,  connecting 
at  Palmer  with  the  Boston  &  Albany  Railroad,  and  at  Miller's 
Falls  with  the  Fitchburg  Railroad.  It  is  also  on  the  Central 
Massachusetts  Railroad,  connecting  at  Northampton  with  the 
Connecticut  River  Railroad  and  with  the  New  Haven  &  North- 
ampton Railroad. 

The  college  buildings  are  on  a  healthful  site,  commanding  one 
of  the  finest  views  in  New  England.  The  large  farm  of  four 
hundred  acres,  with  its  varied  surface  and  native  forests,  gives  the 
student  the  freedom  and  quiet  of  a  country  home. 


REPORTS. 


TEEASURER'S  REPORT. 


Report  of  George  F.  Mills,  Treasurer  of  Massachusetts  Agricultural 
College,  Jan.  1,  1900,  to  Jan.  1,  1901. 


Received. 

Paid. 

Cash  on  hand  Jan.  1,  1900,    .... 

$7,700  99 

State  Treasurer,  Morrill  fund. 

16,666  66 

- 

State  Treasurer,  endowment  fund, 

9,749  45 

- 

State  Treasurer,  maintenance  appropriation, 

5,000  00 

- 

State  Treasurer,  maintenance  appropriation, 

special, 

2,500  00 

- 

State  Treasurer,  maintenance  appropriation, 

special, 

6,000  00 

- 

State  Treasurer,  scholarship  appropriation, 

10,000  00 

- 

State  Treasurer,  labor  appropriation,  . 

6,000  00 

|4,710  98 

Gassett  scholarship  fund,  income, 

60  40 

20  00 

Mary  Robinson  scholarship  fund,  income,    . 

35  84 

- 

Whiting  Street  scholarship  fund,  income,     . 

76  10 

63  90 

Grinnell  prize  fund,  income, 

50  00 

40  00 

Hills  fund,  income,         ... 

356  16 

388  82 

Library  fund,  income,    . 

421  84 

421  84 

Burnham  emergency  fund,  income. 

122  08 

101  22 

Salary,    ,        .         .         . 

- 

29,160  90 

Extra  instruction,  .... 

_ 

451  50 

Botanical  laboratory,     ... 

98  40 

97  18 

Chemical  laboratory,     . 

817  61 

743  99 

Entomological  laboratory,     . 

20  00 

54  51 

Zoological  laboratory,   . 

130  67 

219  73 

Veterinary  laboratory,  . 

1,000  00 

1,196  14 

Term  bill, 

2,662  26 

1.033  28 

Advertising, 

- 

269  33 

Electric  equipment. 

699  33 

2,895  49 

Agricultural  department. 

986  73 

2,006  96 

Farm, 

6,639  44 

9,376  79 

Horticultural  department,     . 

4,168  49 

6,781  15 

Expense, 

1,543  50 

13,482  58 

Insurance, 

_ 

554  00 

Investment, 

6  00 

_ 

Cash  on  hand  Jan.  1,  1901,    . 

- 

8,440  56 

«. 

$82,510  85 

182,510  85 

This  is  to  certify  that  I  have  this  day  examined  the  accounts  from  Jan.  1,  1900,  to 
Jan.  1, 1901,  of  George  F.  Mills,  treasurer  of  Massachusetts  Agricultural  College, 
and  find  the  same  correct  and  properly  kept.  All  disbursements  are  vouched  for,  the 
balance  in  the  treasury  being  eight  thousand,  four  hundred  forty  dollars  and  fifty-six 
cents  ($8,440.56),  which  sum  is  shown  to  be  in  the  hands  of  the  treasurer. 


Amheest,  Dec.  26,  1900. 


CHARLES  A.   GLEASON,  Auditor. 
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Cash  on  hand,  as  shown  by  the  Treasurer's  Statement,  belongs 
TO  the  following  Accounts: 


Gassett  scholarship  fund, 

Mary  Robinson  scholarship  fund, 

Whiting  Street  scholarship  fund, 

Grinnell  prize  fund. 

Hills  fund. 

Labor  appropriation, 

Burnham  emergency  fund, 

Veterinary  laboratory,    . 

College,  .... 


Bills  receivable  Jan.  1, 1901. 
Botanical  laboratory, 
Chemical  laboratory. 
Entomological  laboratory, 
Zoological  laboratory,    . 
Term  bill. 
Electric  equipment. 
Horticultural  department. 
Expense, 


Bills  payable  Jan.  1,  1901. 

Electric  equipment, 

Horticultural  department, 

Expense, 

Labor  appropriation, 

Inventory  —  real  estate. 
Land  {Estimated  Value). 

College  farm $37,000  00 

Pelham  quarry, 500  00 

Bangs  place, 2,350  00 

Clark  place, 4,500  00 


Drill  hall, 
Powder  house. 
Gun  shed, 
Stone  chapel,  . 
South  dormitory, 
North  dormitory. 
Chemical  laboratory. 


Buildings  (^Estimated  Value). 

$5,000  00 

75  00 

1,500  00 

30,000  00 

35,000  00 

25,000  00 

8,000  00 


Amounts  carried  forward. 


$66  42 

12  28 

24  11 

40  00 

117  90 

950  85 

115  56 

104  89 

7,008  55 


$8,440  56 

$39 

00 

373 

26 

14  00 

119 

70 

798 

71 

216 

71 

897 

36 

91 

65 

$2,550 

39 

$105  75 

262 

88 

181 

70 

40  06 

$590  39 


$44,350  00 


$104,575  00     $44,350  00 
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Amounts  brought  forward,       .        .        .      $104,575  00 

144,350  00 

Entomological  laboratory,      .... 

3,000  00 

Veterinary  laboratory  and  stable,  . 

22,500  00 

Farm  house, 

2,000  00 

Horse  barn,     . 

5,000  00 

Farm  barn  and  dairy  school, 

33,000  00 

Graves  house,  and  barn, . 

2,500  00 

Boarding-house, 

2,000  00 

Botanic  museum,    . 

6,500  00 

Botanic  barn,  . 

2,500  00 

Tool  house,     . 

2,000  00 

Durfee  plant  house  and  fixtures,   . 

13,000  00 

Small  plant  house,  with  vegetable  cellar  and 

cold  grapery, 

4,700  00 

President's  house, 

6,500  00 

Dwelling-houses  purchased  with  farm, 

5,000  00 

213,775  00 

1258,125  00 

EQUIPMENT. 

Botanical  department, 

f3,710  00 

Horticultural  department,       .... 

12,678  69 

Farm, 

18,265  47 

Chemical  laboratory, 

1,804  00 

Botanical  laboratory, 

2,606  63 

Entomological  laboratory  (estimated). 

16,000  00 

Zoological  laboratory, 

1,970  97 

Zoological  museum, 

5,912  56 

Veterinary  laboratory,    .        .         . 

6,351  75 

Physics  and  mathematics,       .... 

6,338  00 

Agricultural  department,        .... 

3,424  80 

Library,  

21,473  00 

Fire  apparatus, 

625  00 

Furniture, 

850  00 

Text-books, 

275  00 

Tools  and  lumber,  ...... 

265  45 

Electric  equipment  and  supplies,  . 

6,422  70 

$105,873  92 

Summary. 

Assets. 

Total  value  of  real  estate,  per  inventory, 

. 

$268,125  00 

Total  value  of  equipment,  per  inventory, 

. 

105,873  92 

Bills  receivable, 

2,550  39 

Notes  and  interest, 

, 

123  28 

Investment,  New  York  Central  &  Hudson  Rivei 

f  Railroac 

stock,  ........ 

, 

100  00 

Cash  on  hand, 

. 

7,008  55 

$373,781  1 


$590  39 
3,495  57 

$4,085  96 

1369,695  18 

Fund. 

Income  in  1900. 

$219,000  00 
141,575  35 

$7,300  00 
2,449  45 

8,542  00 

16,666  66 
356  16 
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Liabilities. 

Bills  payable, 

Burnham  emergency  fund,     . 


Maintenance  Funds, 

Technical  educational  fund,  United  States 
grant,* 

Technical  educational  fund.  State  grant,* 

Morrill  fund,  in  accordance  with  act  of  Con- 
gress, approved  Aug.  30,  1890,   . 

Hills  fund, 


Maintenance  Appropriations. 
State  appi'opriation  made  by  Legislature  of 

1896  for  four  years, -  5,000  00 

Labor  appropriation  made  by  Legislature  of 

1896  for  four  years -  5,000  00 

State  appropriation  made  by  Legislature  of 

1899  for  one  year  not  paid  in  1899,    .         .  -  2,500  00 

State  appropriation  made  by  Legislature  of 

1900for  four  years  ($8,00U),      ...  -  6,00000 

Scholarship  Funds. 

Whiting  Street  fund, $1,260  00  50  40 

Gassett  fund, 1,000  00  40  40 

Mary  Robinson  fund, 858  00  35  84 


Scholarship  Appropriation. 
State   appropriation  by  the  Legislature  of 
1886. -  10,000  GO 


Prize  Fund. 
Grinnell  prize  fund, $1,000  00  60  00 

Miscellaneous  Funds. 

Library  fund, $10,546  12  421  84 

Burnham  emergency  fund 5,000  00  122  08 


$55,992  83 


*  Two-thirds  of  the  income  of  these  funds  comes  to  the  college. 
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GIFTS. 


From  N.  I.  Bowditch,  Framingham,  Keystone  corn  busker  and 
shredder. 

N.  I.  Bowditch,  Framingham,  Berkshire  boar. 

Massachusetts  Society  for  Promoting  Agriculture,  Bos- 
ton, one  hundred  dollars  in  prizes  for  Dairy  School. 

Massachusetts  Society  for  Promoting  Agriculture,  Bos- 
ton, fifty  dollars  for  special  lectures  for  Dairy  School. 

Massachusetts  Society  for  Promoting  Agriculture,  Bos- 
ton, two  hundred  dollars  for  the  purchase  of  equipment  in 
the  veterinary  department. 

Edmund  Boltwood,  Ottawa,  Kan.,  plough  and  ancient 
cannon  from  Philippine  Islands. 

Nitrate  of  Soda  Syndicate,  New  York,  five  tons  nitrate  of 
soda. 

German  Kali  Works,  New  York,  three  and  one-half  tons 
muriate  of  potash,  two  and  one-half  tons  high-grade 
sulfate  of  potash,  one-half  ton  kainite,  one-fourth  ton 
low-grade  sulfate  of  potash,  one  hundred  pounds  silicate 
of  potash. 

Genesee  Salt  Company,  New  York,  one  barrel  salt. 

Heller  &  Merz  Company,  New  York,  one  gallon  Alderney 
butter  color. 

Bullock  Manufacturing  Company,  Flint,  Mich.,  perfection 
calf  dehorner. 

James  J.  H.  Gregory  &  Son,  Marblehead,  eight  varieties 
seed  corn  on  the  ear  ;  thoroughbred  seeds  of  corn,  onion, 
carrot  and  cabbage. 

Peter  Henderson  &  Co.,  New  York,  thoroughbred  seeds 
of  onion,  carrot,  celery  and  cabbage. 

A.  E.  Blount,  Wellesley,  frames  containing  samples  of 
grasses. 

BowKER  Fertilizer  Company,  Boston,  insecticides  and 
fungicides. 

W.  H.  Owen,  Catawba  Island,  O.,  insecticides  and  fungi- 
cides. 

Division  of  Botany,  Department  of  Agriculture,  Wash- 
ington, D.  C,  seeds. 

F.  Barteldes  &  Co.,  Lawrence,  Kan.,  seeds. 

W.  A.  Burpee  &  Co.,  Philadelphia,  Pa.,  seeds. 
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From  Elmer  Stearns,  Los  Angeles,  Cal.,  seeds. 
J.  H.  Leheman  &  Co.,  Enon,  O.,  plants. 
A.  B.  Howard,  Belchertown,  plants. 
J.  B.  Stearns,  D anbury.  Conn.,  plants. 
Luther  Burbank,  Santa  Rosa,  Cal.,  scions. 

C.  S.  Dickinson,  North  Amherst,  several  specimens  for  the 
veterinary  museum. 

R.  T.  Booth  Company,  Ithaca,  N.  Y.,  inhaler  outfit  for  the 

treatment  of  diseases  of  the  respiratory  tract  of  animals. 
Newton  Wallace,  Amherst,  ancient  post  axe,  common  eel. 
George  F.  Parmenter  (M.  A.  C,  1900),  Dover,  nematode 

worm. 
James  B.  Henry  (M.  A.  C,  '01),  Scitico,  Conn.,  osprey. 
Percy  F.  Felch  (M.  A.  C,  1900),  Worcester,  two  pine 

grosbeaks,  three  cedar  birds. 
Wallace  R.  Pierson  (M.  A.  C,  '01),  Cromwell,  Conn., 

one  regal  moth,  one  catocala  moth. 
Alexander  C.  Wilson  (M.  A.  C,  '01),  Boston,  great  blue 

heron. 
Ernest  L.  Macomber  (M.  A.  C,  '01),  Taunton,  great  blue 

heron. 
Julio  M.  Ovalle  (M.  A.  C,  '01),  Santiago,  Cuba,  redstart. 
John  C.  Barry  (M.  A.  C, '01),  Amherst,  striped  snake. 
Maurice  A.  Blake  (M.  A.  C,  '02),  Millis,  Dekay's  brown 

snake  (alive). 
Charles  M.  Kinney  (M.  A.  C,  '02),  Northampton,  Dekay's 

brown  snake  (alive). 
Robert  H.  Vaughan  (M.  A.  C,  '97),  Worcester,  saw  whet 

owl. 
W.  E.  Burnham,  Greenfield,  two  spread  adders  (one  alive). 
Clifford  L.  Stacy  (M.  A.  C,  '99),  Gloucester,  young  bald 

eagle. 

Loans  to  the  College  and  Experiment  Station. 
From  Vermont  Farm  Machine  Company,  Bellows  Falls,  Vt.,  four 
separators,  one  separator  bowl,  one  cream  pan,  one  swing 
churn. 

D.  H.  BuRRELL  &  Co.,  Little  Falls,  N.  Y.,  one  churn,  one 
tester. 

DeLaval  Separator  Company,  New  York,  four  separators. 
P.  M.  Sharpless,  West  Chester,  Pa.,  one  separator. 
National  Dairy  Machine  Company,  Newark,  N.  J.,  one 

separator  with  stand. 
United  States  Butter  Extractor  Company,  Newark,  N.  J., 

two  separators. 
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FARM  REPORT. 


The  operations  of  the  college  farm  for  the  past  year  call  for  no 
extended  notice.  In  pursuance  of  the  policy  of  close  retrench- 
ment followed  for  the  past  few  years,  the  work  undertaken  has 
been  for  the  most  part  restricted  to  the  ordinary  necessary  routine. 
The  chief  improvement  is  that  in  live  stock,  in  which  we  have  a 
larger  number  of  well-bred  animals  in  almost  all  classes.  The 
increase  in  our  inventory  is  to  be  ascribed  almost  wholly  to  this 
change.  Values  assigned  to  the  numerous  items  included  in  our 
equipment  have  been  generally  largely  reduced,  to  cover  the  inevit- 
able depreciation,  and  still  the  aggregate  inventory  for  this  year  is 
$18,255.47,  against  $16,339.95  for  last  year.  This  difference  rep- 
resents real  and  not  fictitious  values,  and  must  be  kept  in  mind 
in  estimating  the  economic  results  of  the  year's  operations. 

The  nature  of  the  farm  operations  and  the  financial  results  with 
the  several  crops  are  shown  in  the  following  table  :  — 
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System  of  Manuring. 
The  large  quantity  of  manure  made  upon  our  farm  is  taken 
from  stables  to  pits  adjoining,  which  are  water-tight,  and  covered 
by  shed  roofs.  These  have  capacity  only  to  hold  the  accumu- 
lations of  a  few  weeks,  and  none  of  our  manure,  therefore,  lies  in 
these  pits  for  any  considerable  length  of  time.  As  a  rule,  it  is 
hauled  directly  from  the  pits  to  the  fields,  and  is  spread  at  once. 
It  is  generally  put  on  after  the  fields  have  been  ploughed,  and 
wheel-harrowed  in,  or  it  may  be  that  it  is  turned  under  by  shallow 
ploughing.  If  the  season  is  winter,  it  lies  upon  the  surface  until 
spring.  In  connection  with  manure  we  use  a  moderate  quantity  of 
fertilizers,  supplying  chiefly  potash  for  most  of  our  hoed  crops 
and  nitrate  of  soda  for  our  old  mowings,  in  which  there  is  but 
little  clover.  We  have  within  the  last  two  or  three  years  given 
much  of  the  low,  heavy  soil  of  the  farm  a  dressing  of  lime,  using 
for  this  purpose  either  freshly  slaked  "forked  lime"*  or  air- 
slaked  lime  in  quantities  of  about  one  ton  per  acre.  Such  lime 
costs  about  $4.50  to  $5  per  ton  laid  down  here.  We  prefer  to 
apply  after  ploughing  and  to  wheel-harrow  in.  Fall  or  early 
spring  is  the  best  time.  The  manures  used  for  the  several  crops 
the  past  season  are  shown  in  the  following  table  :  — 

■  *  Forked  lime  is  fine  quicklime. 
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Live  Stock. 

The  general  average  health  of  all  classes  of  live  stock  has  been 
good.  There  have  been  a  'few  losses  among  swine  from  causes 
of  no  general  interest.  It  is  matter  for  congratulation  that  our 
large  herd  of  cattle  remains  entirely  free  from  tuberculosis.  We 
have  received  during  the  year  the  gift  of  several  valuable  animals 
(reported  in  list  of  gifts) . 

Particular  attention  is  called  to  the  fact  that  our  sheep  are 
perhaps  our  most  profitable  class  of  live  stock.  With  a  flock  of 
27  breeding  ewes  and  an  average  for  the  year,  including  yearling 
ewes  and  bucks,  of  43  animals,  we  have  returns  for  the  year 
amounting  to  $195.22,  —  an  average  of  $4.54  for  each  animal 
kept ;  while  we  now  have  a  total  of  63  animals,  against  43  one 
year  ago.  The  increased  value  of  our  flock  is  $158,  making  a 
total  for  income  and  increased  value  of  $353.22,  or  rather  over 
$8  per  head. 

The  kinds  and  numbers  of  the  several  classes  of  live  stock  are 
as  follows  :  — 

Horses.  —  French  Coach,  1  stallion,  1  mare,  1  yearling  stallion 
and  1  colt ;  Percheron,  1  stallion ;  French  Coach,  half-blood,  3 
colts  ;  work  horses,  6  ;  total,  14. 

Neat  Cattle. — Jersey,  1  bull,  3  cows;  Shorthorn,  1  bull,  2 
heifers ;  Holstein-Friesian,  1  bull,  3  cows,  1  heifer ;  Guernsey,  1 
bull ;  Ayrshire,  1  bull,  1  cow,  1  heifer ;  Dakota  Rangers,  20  cows ; 
grade,  22  cows,  19  heifers,  7  calves  ;  total,  84. 

Sheep.  —  Southdowns,  males,  1 ;  breeding  ewes,  39  ;  ewe  lambs, 
23;  total,  63. 

Sivine. — Poland-China,  1  boar,  1  sow;  Middle  Yorkshire,  1 
boar,  5  breeding  sows,  18  shoats,  33  pigs ;  Berkshire,  1  boar,  1 
sow ;  Belted,  1  boar,  1  sow ;  Tamworth,  1  boar,  1  sow ;  total,  65. 

Improvements  . 
The  chief  improvements  of  the  year  are  as  follows  :  — 
The  road  leading  west  from  the  barn  has  been  straightened,  and 
for  a  considerable  distance  relocated  and  improved.       The  total 
length  thus  treated  is  1,500  feet.     Minor  improvements  have  also 
been  made  in  some  of  the  other  farm  roads. 

A  counter-shaft  and  pulleys  have  been  put  up  in  the  main  barn, 
for  the  operation  of  threshing  machine,  corn  husker  and  shredder, 
etc.,  by  means  of  the  electric  motor.  The  new  machines  purchased 
are  a  Stevens'  fertilizer  distributer,  aDe  Laval  steam  turbine  sepa- 
rator and  a  Syracuse  sulky  plough.     All  of  these  do  their  work 
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in  a  thoroughly  satisfactory  manner.  The  gift  from  Mr.  N.  I. 
Bowditch  of  a  corn  husker  and  shredder  —  not  yet  fully  tested  — 
supplies  a  long-felt  want. 

Financial  Outcome. 

The  cash  receipts  for  the  year  amount  to  $6,628.77,  and  there  is 
due  for  produce  and  work  rather  more  than  $1,200.  The  total  ex- 
penses have  amounted  to  $9,205.84.  The  increase  in  inventory  is 
$1,915.52.  The  farm  has  therefore  given  returns  exceeding  ex- 
penses by  the  sum  of  $538.45.  Interest  on  investment  has  not 
of  course  entered  into  the  above  calculation. 

In  estimating  the  merits  of  this  result,  the  following  points 
should  be  kept  in  mind  :  — 

1.  We  keep  a  considerable  number  of  breeds  in  all  classes  of 
live  stock  except  sheep ;  this  necessitates  maintaining  numerous 
unproductive  individuals.  The  policy  is  believed  to  be  advisable, 
since  we  must  keep  the  educational  element  prominent. 

2.  Our  herd  of  cows  is  being  bred  up  in  dairy  lines  from  grade 
Shorthorns  procured  in  the  west,  and  includes  an  unusually  large 
proportion  of  heifers. 

3.  We  dispose  of  most  of  our  products  at  a  disadvantage,  be- 
cause it  is  our  policy  not  to  compete  in  the  local  retail  markets. 
Could  we,  for  instance,  make  a  market  among  consumers  for  our 
milk  and  cream,  the  returns  from  our  dairy  might  be  very  largely 
increased. 

4.  A  larger  share  of  time  and  labor  is  employed  in  keeping  our 
premises  "  cleared  up,"  barns  and  stables  swept,  roads  and  lawns 
trimmed,  etc.,  than  a  strict  regard  to  the  financial  outcome  would 
allow. 

5.  Our  operations  are  in  part  carried  out  with  an  experimental 
object  in  view.  We  weigh  and  measure  more  than  would  a  private 
business  manager. 

The  cash  received  during  the  year  has  come  from  the  following 
sources:  milk  and  cream,  $3,413.96;  cattle,  $526.62;  horses, 
$189.50  ;  swine,  $435.53  ;  sheep,  $110.22  ;  hay,  $286.79  ;  potatoes, 
$446.49;  celery,  $192.69;  team  labor,  $574.81;  manual  labor, 
$13.20  ;  millet  seed,  $318.60;  sundries,  $100.36. 

The  total  amount  of  milk  produced  during  the  year  is  282,639 
pounds  ;  the  average  number  of  cows  kept  is  50 ;  the  average 
yield  per  cow,  is  therefore,  5,652.8  pounds,  bringing  in  an  average 
money  return  of  $68.28  per  head.  For  a  herd  containing  rather 
more  than  one-quarter  heifers  with  first  or  second  calf,  such  a 
yield  must  be  looked  upon  as  fairly  satisfactory.     It  should  be 
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materially  increased,  however,  within  the  near  future,  as  the 
quality  of  cows  is  improving,  and  the  proportion  of  animals  not 
yet  in  their  prime  will  decrease. 

In  conclusion,  I  desire  to  express  my  thanks  to  all  connected 
with  the  farm  management  for  hearty  co-operation  and  the  devotion 
shown  to  its  interests.  The  members  of  the  farm  committee  of 
the  board  of  trustees  have  been  most  helpful.  Their  suggestions 
and  no  less  their  friendly  criticisms  are  of  value,  and  are  invited 
both  by  superintendent  and  director. 

WM.   P.   BROOKS, 

Director  College  Farm. 
Amherst,  Dec.  20,  1900. 
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EEPORT   OF   THE   HORTICULTUKIST. 


SAMUEL    T.    MATNARD. 


The  work  of  this  department  during  the  past  year  has  been  carried 
along  on  similar  lines  to  that  of  previous  years.  Variety  testing  of 
fruits,  vegetables,  flowering  plants  under  glass,  hardy  ornamental 
trees,  shrubs  and  plants  has  received  considerable  attention. 

Fruits. —  The  past  season  has  been  one  of  the  best  in  the  history 
of  the  college  for  the  perfecting  of  nearly  all  fruits,  the  crops 
being  large  and  of  fine  quality.  Of  the  varieties  of  apples  fruiting, 
a  large  number  bore  for  the  first  time  sufficient  for  study  and  com- 
parison. Several  of  these  varieties  were  remarkable  in  size  and 
other  qualities  that  make  a  variety  valuable.  Of  the  pears,  only 
two  or  three  new  varieties  fruiting  showed  sufficient  merit  to  place 
them  among  the  best  of  the  standard  market  sorts.  With  the 
peach  a  very  large  number  of  varieties  fruited,  and  the  conditions 
were  such  that  they  reached  the  greatest  perfection,  permitting  a 
close  comparison  of  the  newer  sorts  with  the  standard  varieties. 
The  plum  crop,  including  most  of  the  old  and  new  varieties  of 
domestica,  Japanese  and  American  types,  was  especially  fine,  giv- 
ing a  good  opportunity  for  the  study  and  comparison  of  these  three 
important  groups,  as  to  their  market  value,  their  freedom  from 
disease  and  insects,  as  well  as  their  susceptibility  to  treatment 
when  attacked  by  either.  Many  varieties  of  cherries  fruited  to  a 
limited  extent,  but  all  were  more  or  less  injured  by  the  late  frost 
that  came  while  they  were  in  full  bloom.  The  grapes  ripened  late, 
but,  owing  to  the  long  season,  nearly  all  varieties  matured  fully. 
Numerous  seedling  grapes  originated  on  the  grounds  fruited  for 
the  second  or  third  time.  Some  of  these  show  remarkable  quali- 
ties as  to  earliness,  vigor,  productiveness,  high  flavor  and  keeping 
qualities.  The  crop  of  currants  and  gooseberries  was  rather  under 
the  average  quantity  and  size  of  berries,  owing  to  the  drought  in 
June,  but  many  new  varieties  show  decided  merits.  The  black- 
berry crop  was  remarkable  as  to  yield,  size  and  quality  of  fruit. 
Only  one  or  two  new  varieties  show  decided  merits  above  the  older 
sorts.  The  red  raspberry  crop  was  not  quite  up  to  the  average. 
Many  new  varieties  fruited  abundantly  for  the  first  time,  among 
them  many  of  the  Shaffer  seedlings  originating  here  some  four 
years  ago.     These  are  being  planted  in  other  localities  for  more 
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extended  trial.  Owing  to  the  dry  weather  in  early  June,  the  straw- 
berry crop  was  light,  but  of  good  quality.  The  number  of  new 
varieties  fruiting  was  larger  than  in  1899, 

In  connection  with  the  variety  tests  of  fruits  and  vegetables, 
spraying  of  crops  is  carried  on  to  protect  the  crops  in  a  commercial 
way.  Numerous  insecticides  and  fungicides  found  in  the  marl^ets 
or  sent  in  for  trial  are  tested  and  careful  records  made,  the  results 
of  which  will  be  reported  in  bulletin  form,  as  well  as  the  behavior 
of  varieties  of  all  the  fruits,  vegetables,  etc.  Numerous  pumps, 
nozzles  and  other  spraying  appliances  are  also  tested  as  they  are 
offered. 

A  few  varieties  of  all  the  leading  market  vegetables  and  any 
varieties  that  may  be  sent  in  for  trial  are  grown,  but  no  attempt  is 
made  to  grow  all  the  leading  sorts  except  of  perhaps  one  or  two 
kinds  each  year.  The  past  season  collections  of  the  best  varieties 
of  beets  and  turnips  were  grown,  the  results  of  which  have  been 
carefully  recorded. 

Experiments  in  thinning  all  the  large  fruits  have  been  carried 
on  to  a  considerable  extent,  with  remarkable  results  as  to  im- 
provement in  quality  and  profit. 

Grafting  plum  trees  has  been  practised  in  many  ways,  at  differ- 
ent dates  and  with  different  kinds  of  wax  and  cover  materials. 

Various  cover  crops  for  orchards  and  vineyards  upon  hilly  land 
are  being  used  upon  the  Clark  orchard  and  in  the  college  vine- 
yard :  first,  to  prevent  washing  of  the  soil  during  the  winter  ;  sec- 
ond, to  prevent  the  loss  of  nitrogen ;  third,  to  increase  the  amount 
of  nitrogen. 

Pruning  peach  trees  at  different  times  of  the  year,  to  determine 
the  effect  on  the  hardiness  of  the  fruit  buds  and  the  growth  of  the 
trees,  has  been  begun  in  the  Clark  orchard,  as  well  as  the  spraying 
of  peach  trees  with  limewash  to  prevent  the  starting  of  the  buds 
in  bright  warm  weather  during  the  fall  and  early  winter. 

A  large  number  of  different  kinds  of  packages  for  the  storing 
and  shipping  of  apples  and  other  large  fruits  are  being  tested,  as 
well  as  several  kinds  of  wrapping  papers. 

All  varieties  of  fruits  are  put  into  a  storage  room,  where  their 
keeping  qualities  can  be  compared  under  exactly  the  same  con- 
dition. 

Seeds  are  tested  to  determine  purity  and  germinating  qualities 
whenever  sent  for  this  purpose,  as  well  as  all  seeds  purchased  for 
variety  tests  or  field  growth. 

The  answering  by  mail  of  questions  upon  all  kinds  of  horticult- 
ural subjects  and  the  visiting  and  advising  of  horticulturists  on 
their  own  grounds  has  largely  increased,  this  part  of  the  work 
requiring  a  large  share  of  the  time  of  the  head  of  the  department. 


82  AGRICULTURAL  COLLEGE.  fjan. 


MILITARY  DEPARTMENT. 


Amherst,  Mass.,  Dec.  31,  1900. 
To  President  H.  H.  Goodell,  Massachusetts  Agricultural  College. 

Sir: — I  have  the  honor  to  submit  the  following  report  of  the 
military  department  of  this  college  for  the  year  ending  Dec.  31, 
1900. 

I  was  assigned  to  duty  at  the  college  as  professor  of  military 
science  and  tactics  under  the  provisions  of  an  act  of  Congress, 
approved  Nov.  3,  1893,  and  Special  Orders  No.  6,  War  Depart- 
ment, A.  G.  O.,  dated  Jan.  8,  1900,  and  commenced  my  duties 
Jan.  12,  1900.  Previous  to  this  time  all  military  instruction  and 
drills  had  been  suspended  for  nearly  two  years,  owing  to  the  ab- 
sence of  any  military  officer  at  the  college,  in  consequence  of 
which  very  much  of  the  interest  heretofore  shown  in  the  military 
department  had  been  lost.  There  were  many  difficulties  to  over- 
come, the  students  were  unknown  to  me,  a  new  organization  had 
to  be  effected,  officers  and  non-commissioned  officers  appointed 
who  had  previously  received  little  if  any  military  instruction,  and 
a  new  interest  awakened.  The  class  of  1900  having  been  excused 
by  the  faculty  from  all  military  exercises,  the  other  three  classes 
were  organized  into  a  battalion  of  two  companies  of  infantry, 
which,  upon  occasions  of  battalion  drill,  were  subdivided  into  four 
companies,  and  the  two  improvised  companies  commanded  by  lieu- 
tenants taken  from  the  other  two.  Drills  commenced  January  22, 
and  have  continued  on  Mondays,  Tuesdays  and  Thursdays  of  each 
week,  one  hour  for  each  drill,  which  were  held  out  of  doors  when 
the  weather  permitted. 

The  drill  exercises  have  been  individual  instruction,  "  setting 
up  "  exercise,  school  of  the  soldier,  squad,  company,  battalion,  ex- 
tended order,  target  and  gallery  practice  and  bayonet  exercise. 

During  the  fall  term  two  detachments  have  been  instructed  by  a 
well-drilled  non-commissioned  officer  in  artillery,  with  the  new 
model  3.2  breech-loading  steel  guns.  These  guns  were  called  in 
by  the  War  Department  during  the  recent  war  with  Spain,  and 
returned,  with  implements  complete,  but  not  in  time  for  use  during 
the  last  college  year.  It  is  proposed  to  give  most  of  the  students 
instruction  in  artillery  drill,  by  detachments,  during  the  present 
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college  year.  It  is  evident  that  in  all  drill  exercises  consid- 
erable proficiency  has  been  gained,  and  greater  interest  is  now 
manifested. 

Two  hours  in  each  week  have  been  given  to  theoretical  instruc- 
tion,—  the  seniors  one  hour  in  "Elements  of  Military  Science," 
the  freshmen  one  hour  in  "  Infantry  Drill  Regulations."  A  por- 
tion of  the  time  assigned  for  recitations  has  been  devoted  to  infor- 
mal lectures.  During  the  coming  winter  and  spring  terms  it  is 
proposed  to  add  "  Elements  of  Military  Law  "  for  the  seniors ; 
United  States  army  regulations,  sabre  exercise  and  castrametation 
for  both  seniors  and  freshmen. 

The  limited  time  allowed  for  theoretical  instruction  necessarily 
restricts  it  to  elementary  branches,  such  as  would  find  application 
in  actual  practice  pertaining  to  the  duties  of  subaltern  oflacers. 
This  covers  all  the  ground  required  by  the  regulations  of  the  War 
Department  governing  military  instruction  in  colleges. 

About  the  middle  of  October  last  a  military  band  of  sixteen 
pieces  was  organized,  most  of  the  members  purchasing  their  own 
instruments  and  paying  by  quarterly  instalment.  The  college 
employs  an  instructor  to  give  a  limited  number  of  lessons.  The 
instructor  is  now  giving  one  lesson  of  two  hours  per  week,  and  in 
addition  to  this  the  band  receives  three  hours'  instruction  per  week 
under  one  of  the  members,  who  is  also  the  band  leader.  In  order 
to  encourage  more  practice,  members  of  the  band  are  excused 
from  all  other  military  exercises.  Considering  the  short  time  the 
band  has  been  practising,  and  its  evident  improvement,  I  am 
encouraged  to  believe  that  before  next  commencement  it  will 
become  one  of  the  bright  and  attractive  features  of  the  college. 
The  value  of  a  good  band  to  the  military  department  —  in  fact,  to 
the  whole  college  —  cannot  be  overestimated.  I  earnestly  recom- 
mend that  the  college  give  it  every  encouragement  within  its 
means,  especially  a  small  appropriation  for  distinctive  trimmings 
for  the  present  uniforms. 

Much-needed  improvements  have  been  made  in  the  drill  hall 
building  during  the  past  summer.  A  toilet  room  has  been  put  in, 
also  water  pipes  for  heating  placed  in  the  lecture  room  and  com- 
mandant's office.  The  whole  exterior  of  the  building  needs  paint- 
ing, which  I  recommend  during  the  coming  year,  and  shower  baths 
near  the  drill  hall,  which  is  also  used  as  a  gymnasium. 

I  wish  to  invite  special  attention  to  the  building  used  for  stu- 
dents' mess  hall  and  kitchen.  The  whole  building  is  very  much  in 
need  of  paint,  and  some  of  the  rooms  require  papering. 

I  recommend  that  provision  be  made  for  an  annual  encampment 
of  one  week,  during  which  time  special  facilities  would  be  offered 
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for  field  exercises,  such  as  extended  order  drill,  duties  of  sentinels, 
target  practice  and  castrametation.  I  believe  tentage  and  the 
necessary  camp  equipage  can  be  borrowed  from  the  Adjutant- 
General  of  the  Commonwealth.  The  most  favorable  time  for  the 
encampment  would  be  about  the  middle  or  last  of  May.  This 
matter  of  annual  encampment  has  heretofore  been  recommended  in 
reports  of  the  Inspector-General  to  the  Honorable  Secretary  of 
War. 

I  have  noticed,  in  my  weekly  inspections,  a  great  improvement 
in  the  rooms  occupied  by  students  in  the  dormitories.  They  are 
kept  neater  and  more  orderly.  Many  little  repairs,  such  as  paint- 
ing and  papering,  are  needed,  estimates  for  which  will  be  sub- 
mitted later. 

The  battalion  has  carried  only  the  national  colors.  The  old  silk 
college  flag  is  entirely  worn  out.  That  the  battalion  may  be  more 
closely  identified  with  the  college,  I  recommend  the  purchase  of  a 
new  silk  flag  for  the  M.  A.  C.  battalion,  that  the  two  may  be 
carried  together  on  occasions  of  ceremony.  The  cost  will  be 
about  twenty-eight  dollars.  The  national  colors  have  been  raised 
upon  the  flag-staff  each  morning  and  lowered  at  night,  when  the 
weather  has  been  favorable.  The  old  flag  which  has  been  used 
for  this  purpose  is  considerably  worn  and  will  soon  need  to  be 
replaced.  The  Legislature,  recognizing  the  lessons  of  patriotism 
that  the  flag  teaches,  has  enacted  a  law  making  it  obligatory  for 
the  national  flag  to  be  raised  over  every  public  school  and  college, 
when  in  session,  throughout  the  State.  It  has  been  found  imprac- 
ticable to  comply  strictly  with  this  law  at  this  college,  on  account 
of  the  high  winds  prevailing  during  the  storms  of  winter. 

During  my  service  at  this  college  it  has  been  my  constant  aim 
to  fulfil  the  purpose  for  which  I  was  detailed,  and  to  work  for  the 
best  interest  of  the  college.  I  realize  that,  to  some,  discipline 
carries  the  idea  of  inferiority  or  the  deprival  of  certain  rights  and 
privileges.  But  such  is  not  the  case.  Discipline  is  not  only  the 
bone  and  sinew  of  every  military  organization,  but  the  strength  of 
every  public  institution  whatever.  It  is  all  that  distinguishes  an 
organization  from  a  mob.  Those  only  who  cheerfully  submit  to  it 
are  qualified  to  exercise  it.  I  have  endeavored  to  make  the 
military  department  attractive  as  well  as  instructive  to  the  student, 
whether  he  is  to  embrace  the  military  profession  or  not.  If  I  have 
accomplished  any  good  purpose,  if  the  lessons  I  have  labored  to 
teach  have  presented  more  clearly  the  relations  between  the  citizens 
and  the  national  government,  if  they  have  been  the  inspiration  of 
a  higher  patriotism  and  a  greater  love  of  country,  I  shall  feel  that, 
in  some  measure  at  least,  I  have  performed  the  duty  assigned  me. 
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It  is  to  the  young  men  of  to-day  that  our  country  must  look  for 
its  strength  in  times  of  danger. 

The  following-named  members  of  the  last  graduating  class  were 
reported  to  the  Adjutant-General  of  the  Army  and  the  Adjutant- 
General  of  the  State  of  Massachusetts  as  having  shown  proficiency 
in  the  art  and  science  of  war  :  — 

Frank  H.  Brown,        .        .        .        ...     Newton  Centre. 

Morris  B.  Landers,     ...        .         .        .     Bondsville. 

The  following  is  a  list  of  United  States  ordnance  property  now 
on  hand  :  — 

2  3.2-ineh  breech-loading  steel  guns,  with  implements  complete. 
2  8-inch  mortars  with  implements. 
2  gun  carriages. 
2  caissons,  with  spare  wheels. 
2  mortar  beds  and  platforms. 
147  cadet  rifles. 

147  sets  of  infantry  accoutrements. 
51  headless  shell  extractors. 
1  set  reloading  tools 

6  non-commissioned  ofiicer's  swords,  steel  scabbards. 
14  non-commissioned  officer's  waist  belts  and  plates, 
14  sliding  frogs  for  waist  belts. 
68  blank  cartridges  for  field  guns. 
500  metallic  blank  cartridges. 
4,600  metallic  ball  cartridges. 

104  friction  primers  for  field  guns. 
28,450  cartridge  primers. 
18,750  round  balls. 
2,660  pasters,  black,  for  targets. 
1,000  pasters,  buff,  for  targets. 
99  paper  targets. 
60  pounds  of  powder  for  small  arms. 

There  is  no  signal  property  on  hand. 

The  battalion  organization  is  as  follows  :  — 

Commandant. 
Capt.  John  Andekson, U.  S.  Army. 

Field  and  Staff. 

Cadet  Major, William  C.  Dickerman. 

Cadet  Adjutant, Clakence  E.  Gordon. 

Cadet  Quartermaster, John  C.  Barry. 

Cadet  Sergeant-Major, Charles  L.  Rice. 
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Company  A. 

Cadet  Captain, N.  D.  Whitman. 

Cadet  First  Lieutenant, E.  S.  Gam  well. 

Cadet  Second  Lieutenant,        ....  Thaddeus  Graves,  Jr. 

Cadet  First  Sergeant, J.  H.  Chickering. 

Cadet  Sergeant, H.  A.  Paul. 

Cadet  Sergeant,       .        .        .        .        .        .  W.  A.  Dawson. 

Cadet  Sergeant, P.  C.  Brooks. 

Cadet  Sergeant, R.  W.  Morse. 

Cadet  Corporal, W.  Z.  Chase. 

Cadet  Corpora] , G.  R.  Bridgeforth. 

Cadet  Corporal, C,  A.  Tinker. 

Cadet  Corporal, W.  R.  Pierson. 

Thirty-five  privates. 

Company  B. 

Cadet  Captain, A.  C.  Wilson. 

Cadet  First  Lieutenant, E.  L.  Macomber. 

Cadet  Second  Lieutenant,        ....  Thomas  Casey. 

Cadet  First  Sergeant,      .        .  •       .        .        .  C.  T.  Leslie. 

Cadet  Sergeant, R.  I.  Smith. 

Cadet  Sergeant, J.  H.  Todd. 

Cadet  Sergeant, J.  B.  Henry. 

Cadet  Sergeant, A.  L.  Dacy. 

Cadet  Corporal, C.  E.  Dwyer. 

Cadet  Corpoi-al, J.  C.  Hall. 

Cadet  Corporal E.  F.  McCobb. 

Cadet  Corporal,       .        .        .        .        .        .  T.  F.  Cooke. 

Thirty-five  privates. 

Band. 
Cadet  First  Sergeant  Myron  H.  West,  chief   musician,  and  fifteen 
privates. 

Respectfully  submitted, 

JOHN  ANDERSON, 

CajAain,  U.  S.  Army,  Commandant. 
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Eepokt  of  the  President  of  the  Massachu- 
setts Agricultural  College  to  the  Sec- 
retary OF  Agriculture  and  the  Secretary 
OF  THE  Interior,  as  required  by  Act  of 
Congress  of  Aug.  30,  1890,  in  Aid  of  Col- 
leges OF  Agriculture  and  the  Mechanic 
Arts. 


I.    Condition  and  Progress  of  the  Institution,  Year  ended  June  30, 

1900. 

1.  The  only  changes  in  the  course  have  been  making  French, 
German  and  geology  required  studies  in  freshman,  sophomore  and 
junior  years  respectively,  and  electives  in  senior  year.  The  course 
in  chemistry  has  been  greatly  extended. 

2.  The  veterinary  laboratory  and  hospital  stable,  for  the  erection 
of  which  the  Legislature  of  1898  appropriated  the  sum  of  $25,000 
and  a  yearly  maintenance  fund  of  $1,000,  has  been  satisfactorily 
completed,  and  equipped  with  the  latest  and  most  approved 
apparatus.  The  increased  facilities  have  resulted  in  a  larger 
number  of  students  selecting  the  veterinary  course.  An  annual  in- 
crease to  the  income  of  the  college  of  |8,500  was  granted  by  the 
Legislature  of  1900  for  the  term  of  four  years. 

77.    Receipts  for  and  during  the  Year  ended  June  30,  1900. 

1.  Balance  on  hand  July  1,  1899, - 

2.  State  aid :  — 

(a)  Income  from  endowment,       .... 
(6)  Appropriation  for  current  expenses, 

3.  Federal  aid  :  — 

(a)  Income  from  land  grant,  act  of  July  2,  1862, 
(&)  Additional  endowment  act  of  Aug.  30,  1890, 
(c)  For  experiment  stations,  act  of  March  2,  1887, 

4.  Fees  and  all  other  sources, 

Total, $68,620  86 


$2,458  97 

25,000 

00 

7,300 

00 

16,666 

66 

15,000 

00 

2,195 

23 
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III.    Expenditures  for  and  during  the  Year  ended  June  30,  1900 

1.  Instruction  in  the  subjects  specified  in  section  1,  act  of 

Aug.  30,  1900, 

2.  Instruction  in  all  other  subjects,  if  any,  not  mentioned  in 

question  1  of  this  series, 

3.  Administrative  expenses  (president's,  secretary's,  treas- 

urer's, librarian's  salary,  clerical  service,  fuel,  light, 
etc.), 

4.  Experiment  station, 


$23,133  32 


951  60 


8,939  93 
15,000  00 


Total, 

IV.    Property,  Year  ended  June  30,  1900 

Value  of  buildings. 

Value  of  other  equipment, 

Total  number  of  acres,  . 

Acres  under  cultivation, 

Acres  used  for  experiments. 

Value  of  farm  lands. 

Amount  of  all  endowment  funds, 

Number  of  bound  volumes  June  30,  1900, 


$48,024  75 


1213,775  00 

85,336  60 

425 

300 

75 

137,000  00 

360,575  35 

21,075 


V.    Faculty  during  the  Year  ended  June  30,  1900. 

1.  College  of  Agriculture  and  Mechanic  Arts,  collegiate 

and  special  classes,         .......  21 

2.  Number  of  staff  of  experiment  station,      ....  20 

VI.    Students  during  the  Year  ended  June  30,  1900. 

1.  College  of  Agriculture  and  Mechanic  Arts,  collegiate 

and  special  classes, 165 

2.  Graduate  com-ses, 12 


Total,  counting  none  twice. 
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HATCH  EXPEEIMENT  STATION 

OF    THE 

MASSACHUSETTS  AGRICULTURAL  COLLEGE, 

AMHERST,  MASS. 


OFFICERS. 


Henry  H.  Goodbll,  LL.D., 
"William  P.  Brooks,  Ph.D., 
George  E.  Stone,  Ph.D., . 
Charles  A.  Goessmann,  Ph.D 
Joseph  B.  Lindset,  Ph.D., 
Charles  H.  Fernald,  Ph.D., 
Henry  T.  Fernald,  Ph.D., 
Samuel  T.  Maynard,  B.Sc, 
j.  e.  ostrander,  c.e., 
Henry  M.  Thosison,  B.Sc, 
Ralph  E.  Smith,  B.Sc,     . 
Henri  D.  Haskins,  B.Sc, 
Samuel  W.  Wiley,  B.Sc, 
James  E.  Halligan,  B.Sc, 
Edward  B.  Holland,  M.Sc, 
Philip  H.  Smith,  B.Sc,    . 
James  W.  Kellogg,  B.Sc, 
George  A.  Drew,  B.Sc,  . 
Henry  L.  Crane,  B.Sc,    . 
Charles  L.  Rice, 


LL 


Director. 

Agriculturist. 

Botanist. 

Chemist  (fertilizers) . 

Chemist  (foods  and  feeding). 

TLntomologist. 

Associate  Entomologist. 

Horticulturist. 

Meteorologist. 

Assistant  Agriculturist. 

Assistaiit  Botatiist. 

Assistant  Chemist  (fertilizers). 

Assistant  Chemist  (fertilizers). 

Assistant  Chemist  (fertilizers). 

First  Chemist  (foods  and  feeding) . 

Assistant  Chemist  (foods  and  feeding). 

Assistant  Chemist  (foods  and  feeding). 

Assistant  Horticulturist. 

Assistant  Horticulturist. 

Observer. 


The  co-operation  and  assistance  of  farmers,  fruit  growers, 
horticulturists  and  all  interested,  directly  or  indirectly,  in 
agriculture,  are  earnestly  requested.  Communications  may 
be  addressed  to  the  "Hatch  Experiment  Station,  Amherst, 

Mass." 
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The  following  bulletins  are  still  in  stock  and  can  be  fur- 
nished on  demand :  — 

No.  27.  Tuberculosis  in  college  herd ;    tuberculin  in  diagnosis ; 

bovine  rabies ;  poisoning  by  nitrate  of  soda. 
No.  33.  Glossary  of  fodder  terms. 
No.  35.  Agricultural  value  of  bone  meal. 

No.  41.  On  the  use  of  tuberculin  (translated  from  Dr.  Bang). 
No.  43.  Effects  of  electricity  on  germination  of  seeds. 
No.  47.  Field  experiments  with  tobacco. 
No.  54.  Fertilizer  analyses. 
No.  55.   Nematode  worms. 
No.  57.  Fertilizer  analyses. 
No.  58.  Manurial  requirements  of  crops. 
No.  59.  Fertilizer  analyses. 
No.  61.  The  asparagus  rust  in  Massachusetts. 
No.  63.  Fertilizer  analyses. 
No.  64.  Analyses  of  concentrated  feed  stuffs. 
No.  66.  Variety  tests  of   fruits;    fertilizers  for  fruits;    thinning 

fruits,  pruning  ;  spraying  calendar. 
No.  67.  Grass  thrips  ;  treatment  for  tbrips  in  greenhouses. 
No.  68.  Fertilizer  analyses. 
No.  69.  Rotting  of  greenhouse  lettuce. 
No.  70.  Fertilizer  analyses. 
Special  bulletin,  — The  brown-tail  moth. 
Special  bulletin,  —  The  coccid  genera  Chionaspis  and  Hemichion- 

aspis. 
Index,  1888-95. 

Of  the  other  bulletins,  a  few  copies  remain,  which  can  be 
supplied  only  to  complete  sets  for  libraries. 

Of  the  numerous  problems  presented  for  solution,  a  few 
only  of  the  more  important  have  been  selected.  From  a 
series  of  experiments  on  the  effect  of  food  on  the  composition 
of  milk,  and  butter  fat  and  on  the  consistency  or  body  of 
butter,  it  was  found :  («)  that  different  amounts  of  protein 
do  not  seem  to  have  any  influence  on  the  composition  of 
milk ;  (6)  that,  in  general,  feeds  containing  much  oil  have  a 
tendency  to  slightly  increase  the  fat  content  of  milk  when 
first  fed,  but  after  a  few  weeks  the  fat  percentage  gradually 
returns  to  normal ;  (c)  that  it  is  not  practicable  to  feed  large 
amounts  of  oil  to  cows,  as  it  has  a  tendency  to  derange  the 
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digestive  and  milk-secreting  organs ;  {d)  that  linseed  oil 
effected  a  noticeable  change  in  the  composition  of  the  butter 
fat,  causing  a  decrease  in  the  volatile  acids  and  an  increase 
in  the  melting  point  and  iodine  coefficient ;  (e)  and  that 
cotton-seed  meal  produced  butter  fat  quite  similar  in  com- 
position to  that  produced  by  the  standard  ration. 

In  experiments  to  show  the  feeding  value  of  barnyard  mil- 
let, it  is  shown  :  (a)  that  the  millet  has  less  nutritive  value 
than  corn,  for  the  reason  that  it  must  be  cut  when  in  early 
blossom  to  secure  it  in  the  most  desirable  condition  for  feed- 
ing, while  the  corn  can  partially  mature  its  grain  and  still  be 
readily  eaten  by  animals  ;  (b)  that  it  is  not  suitable  for  hay 
and  is  inferior  to  maize  as  a  silage  crop ;  (c)  that  it  fur- 
nishes quite  a  desirable  green  feed,  especially  during  the 
month  of  August,  and  for  this  purpose  can  be  most  satis- 
factorily utilized. 

A  study  of  the  effects  of  different  chemical  solutions  on 
germination  brought  out  some  interesting  facts.  The  solu- 
tions formed  from  those  substances  known  to  exist  in  seeds 
and  seedlings  were  of  two  kinds :  ferments,  as  diastase  and 
pepsin ;  and  amides,  as  asparagin  and  leucin.  In  each  ex- 
periment one  hundred  seeds  were  used,  the  solution  varying 
in  strength  from  one-tenth  per  cent,  to  two  per  cent.  The 
seeds  were  soaked  in  the  solution  for  twelve  hours,  then 
rinsed  in  water  and  placed  in  Zurich  germinators.  With 
asparagin  as  the  solution  on  such  seeds  as  vetch,  rape,  al- 
falfa, the  average  percentage  of  germination  for  normals  was 
seventy- four  and  five-tenths  per  cent.  ;  for  the  treated  was 
eighty-eight  and  eight-tenths  per  cent,  and  an  acceleration 
of  germination  in  several  seeds.  With  leucin  on  buckwheat 
and  alfalfa  the  average  of  three  experiments  gave  eighty- 
three  per  cent,  for  normal  and  ninety-two  per  cent,  for 
treated.  With  pepsin  and  diastase  there  was  in  like  manner 
a  gain  of  about  ten  per  cent. 

Great  complaint  having  been  made  of  the  difficulty  of 
growing  asters,  fifteen  thousand  were  grown  under  different 
conditions  of  fertilizers,  varieties,  localities,  time  of  planting 
and  methods  of  handling.  A  peculiar  and  obscure  disease 
was  made  out,  not  resulting  from   organisms   of  any  kind, 
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but  very  destructive  in  its  effects.  There  was  an  abnormal 
development,  due  to  disturbance  of  the  assimilative  functions 
of  the  plant. 

Remedies  for  the  various  diseases  of  lettuce  grown  under 
glass  have  occupied  the  attention  of  the  division  of  plant 
pathology  for  several  years.  The  "  drop,"  which  is  charac- 
terized by  rotting  of  the  stem  and  sudden  and  complete 
collapse  of  the  whole  plant,  is  the  most  destructive  of  these 
diseases.  The  amount  of  loss  is  very  commonly  twenty-five 
per  cent,  of  the  entire  crop.  It  has  been  found  that  by  ster- 
ilizing the  soil,  either  wholly  or  in  part,  the  drop  and  its 
kindred  disease  can  be  wholly  eradicated  or  suppressed. 
Experiment  shows  that  five-eighths  inch  or  three-fourths  inch 
surface  covering  of  sterilized  sand  or  earth  gave  an  average 
reduction  of  forty-seven  per  cent,  in  the  amount  of  drop ; 
one  inch  of  sterilized  sand  or  earth  gave  an  average  reduction 
of  eighty-seven  per  cent. ;  one  inch  and  a  half  of  sterilized 
soil,  an  average  of  ninety-three  per  cent.  ;  and  two,  three 
and  four  inches  secured  entire  immunity  from  the  disease. 

In  the  entomological  division  the  structure  and  life  history 
of  various  insect  pests  have  been  worked  out  and  published, 
and  the  remedies  to  be  employed.  Among  those  thus  treated 
are  the  grass  thrips ;  the  thrips  of  the  greenhouse,  attacking 
cucumbers  ;  the  fall  canker  worm  ;  the  marguerite  fly  ;  and 
greenhouse  aleurodes,  doing  great  damage  to  tomatoes  and 
cucumbers  o-rown  under  o-lass.  The  San  Jose  scale  continues 
its  ravages  in  the  State.  It  has  already  been  found  in  thirty- 
seven  different  towns,  and  it  probably  exists  in  as  many 
more.  It  attacks  the  fruit  as  well  as  the  bark,  and  speci- 
mens of  currants,  pears  and  apples  have  been  sent  in  so 
completely  covered  with  them  as  to  render  their  sale  im- 
possible. 

In  the  agricultural  division  the  results  of  experiments 
continued  since  1890  with  oats,  rye,  soy  beans,  clover  and 
potatoes  seem  to  indicate  that  the  various  manures  supplying 
nitrogen  rank  in  the  following  order :  (a)  nitrate  of  soda, 
barnyard  manure,  sulfate  of  ammonia  and  dried  blood ;  (b) 
that  in  crops  of  the  clover  family  as  nitrogen  gathers,  the 
crops  not  being  turned  under,  but  improvement  sought  from 
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roots  and  stubble,  there  was  no  appreciable  improvement 
from  soy  beans,  but  marked  from  clover;  (c)  that  potatoes, 
clovers,  cabbages  and  soy  beans  did  much  the  best  on  sul- 
fate of  potash,  while  the  yield  of  corn,  grasses,  oats,  barley, 
vetches  and  sugar  beets  has  been  equally  good  on  the  muriate  ; 
(c?)  that,  if  the  muriate  is  used  continuously,  sooner  or  later 
lime  must  be  applied ;  (e)  that,  with  garden  crops,  both 
early  and  late,  the  sulfate  rather  than  the  muriate  should  be 
used  ;  (/")  that  none  of  the  natural  phosphates  appear  to  be 
suited  to  crops  belonging  to  the  turnip  and  cabbage  family ; 
{g)  that,  while  it  is  possible  to  procure  profitable  crops  of 
most  kinds  by  a  liberal  use  of  natural  phosphates,  the  best 
practice  will  probably  be  found  to  consist  in  using  one  of 
those  in  part,  and  in  connection  with  it  a  moderate  quantity 
of  one  of  the  dissolved  phosphates. 

A  detailed  account  of  the  operations  of  the  year  is  here- 
with submitted. 
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AIN^ISTUAL  REPORT 

Of  George  F.  Mills,  Treasurer  of  the  Hatch  Experiment  Station 
OF  Massachusetts  Agricultural  College, 

For  the  Year  ending  June  30, 1900. 


Cash  received  from  United  States  treasurer, 

$16,000  00 

Cash  paid  for  salaries, 

$5,614  58 

for  labor, 

4,278  90 

for  publications,  .... 

409  40 

for  postage  and  stationery, . 

228  53 

for  freight  and  express, 

127  48 

for  heat,  light  and  water,    . 

254  96 

for  chemical  supplies, . 

108  53 

for  seeds,  plants  and  sundry  supplies, 

602  04 

for  fertilizers,      .... 

1,168  55 

for  feeding  stuffs. 

13G  62 

for  library, 

157  31 

for  tools,  implements  and  machinery 

673  63 

for  furniture  and  fixtures,   , 

61  90 

for  scientific  apparatus. 

384  95 

for  live  stock,       .... 

60  30 

for  travelling  expenses, 

22  02 

for  contingent  expenses,     . 

125  25 

for  buildings  and  repairs,   . 

595  05 

$15,000  00 

$11,200  00 

Cash  received  from  State  treasurer,    . 

from  fertilizer  fees. 

3,600  00 

from  farm  products. 

1,720  86 

from  miscellaneous  sources, 

1,979  82 

$18,500  68 

Cash  paid  for  salaries, . 
for  labor, 
for  publications,  . 
for  postage  and  stationery, 
for  freight  and  express, 

Amount  carried  forward. 


.    $8,168  11 

.     4,696  81 

556  56 

813  85 

123  64 

.  $13,848  97 
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Amount  brought  forward. 

Cash  paid  for  heat,  light  and  water,     . 
for  chemical  suj)plies, . 
for  seeds,  plants  and  sundry  supplies 
for  fertilizers,       ... 
for  feeding  stuffs, 
for  library,  .        .        .        .        , 
for  tools,  implements  and  machinery 
for  furniture  and  fixtures,  . 
for  scientific  apparatus, 
for  live  stock,      .... 
for  travelling  expenses, 
for  contingent  expenses, 
for  buildings  and  repairs,   . 


582  04 

525 

14 

611 

53 

162 

47 

995 

78 

96 

95 

107  81 

50  73 

546 

38 

126 

66 

216 

62 

94  00 

536 

60 

$18,500  68 


I,  Charles  A.  Gleason,  duly  appointed  auditor  of  the  corporation,  do  hereby  cer- 
tify that  I  have  examined  the  books  and  accounts  of  the  Hatch  Experiment  Station 
of  the  Massachusetts  Agricultural  College  for  the  fiscal  year  ending  June  30,  1900 ; 
that  I  have  found  the  books  well  kept  and  the  accounts  correctly  classified  as  above; 
and  that  the  receipts  for  the  year  are  shown  to  be  $33,500.68  and  the  corresponding 
disbursements  $33,500.68.  All  the  proper  vouchers  are  on  file.  These  have  been 
examined  by  me  and  have  been  found  to  be  correct,  there  being  no  balance  on 
accounts  of  the  fiscal  year  ending  June  30,  1900. 

CHARLES  A.  GLEASON, 

Auditor. 
Amherst,  Aug.  9,  1900. 
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EEPORT   OF   THE   CHEMIST. 


DIVISION   OF   FOODS   AND   FEEDING. 


J.    B.    LINDSET. 

Assistants :  E.  b.  Holland,  f.  w.  mossman,*  b.  k.  JONES,t  p.  h.  smith,  jr., 

J.    W.    KELLOGG. 


Pabt  I.  —  Laboratory  Work. 

Outline  of  Year's  Work. 

Part  II. — Feeding  Experiments  and  Dairy  Studies. 

A.  Effect   of  feed  on  the  composition  of  milk, 

butter  fat,  and  on  the  consistency  or  body 
of  butter. 

B.  The  feeding  value  of  barnyard  millet. 

C.  Dried  distillery  grains. 

D.  Digestion  experiments  with  sheep. 

E.  The  composition  of  purslane. 

F.  Parsons'  "  six-dollar"  feed. 


*  Resigned  Nov.  1,  1900. 

t  Resigned  Nov.  1,  1900,  to  accept  position  in  the  Utah  Experiment  Station. 
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Part    I. 


LABORATORY  WORK. 


Extent  of  Chemical  Work. 

The  work  of  the  chemical  laboratory  connected  with  this 
department  has  materially  increased  over  all  previous  years. 
There  have  been  sent  in  for  examination  287  samples  of 
water,  123  of  milk,  888  of  cream,  20  of  pure  and  process 
butter,  29  of  oleomargarine,  123  of  feed  stuffs  and  10  of 
vinegar.  In  connection  with  experiments  by  this  and  other 
divisions  of  the  station,  there  have  been  analyzed  45  samples 
of  milk  and  cream,  60  of  butter  and  695  of  fodders  and  feed 
stuffs. 

In  addition  to  the  above,  707  samples  of  commercial  con- 
centrated feed  stuffs  have  been  collected  under  the  provision 
of  the  feed  law,  and  tested,  either  individually  or  in  com- 
posite;  and  40  tonics,  condimental  feeds,  etc.,  have  been 
examined.  This  makes  a  total  of  3,036  substances  analyzed 
during  the  year,  as  against  2,045  last  year  and  1,875  in  the 
previous  year. 

Character  of  Chemical  Work. 

Water,  Milk,  Cream,  Feed  Stuff's,  etc.,  sent  for  Exam- 
ination.—  More  than  the  usual  number  of  samples  have 
been  received  during  the  year.  Sanitary  examinations  of 
water  have  been  carried  on  as  in  previous  years,  according 
to  the  Wanklyn  process,  to  determine  its  general  fitness  for 
domestic  purposes  and  for  live  stock.  In  milk  analysis, 
the  percentages  of  total  solids  and  fat  are  the  usual  ones 
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determined.  The  percentage  of  fat  only  is  determined  in 
cream,  unless  the  quantity  of  other  ingredients  is  requested. 
An  estimation  of  the  percentage  of  protein  is  usually  all 
that  is  necessary  to  determine  the  genuineness  of  a  feed 
stuff.  In  some  cases  it  is  wise  to  determine  the  percentage 
of  fat;  in  others,  the  percentage  of  ash  and  fibre. 

Full  information  concerning  water,  milk  and  cream,  how 
to  take  samples,  etc.,  will  be  found  in  our  report  for  1899. 
Special  information  will  be  furnislied  upon  application. 

Cattle  Feed  Inspection.  —  We  have  continued  the  inspec- 
tion of  concentrated  feeds  during  the  year,  collecting  and  an- 
alyzing over  700  samples.  A  bulletin  is  about  to  be  issued, 
giving  the  results  of  the  work  accomplished.  The  better 
class  of  feeds  is  practically  free  from  adulteration.  Some 
manufacturers  and  jobbers  are  still  disposed  to  put  cotton- 
seed meal  mixed  with  ground  hulls  upon  the  market,  marked 
simply  cotton-seed  meal.  Mixed  feed,  so  called,  consist- 
ing principally  of  wheat  bran  together  with  several  hundred 
pounds  of  fine  or  flour  middlings  to  the  ton,  is  beginning 
to  be  adulterated  with  wheat  hulls,  ground  corn  cobs,  etc. 
This  material  ought  to  be  accompanied  by  a  guaranty  to  as- 
sure the  purchaser  of  its  purity.  Many  very  inferior  oat 
feeds,  containing  50  to  60  per  cent,  of  oat  hulls,  are  still  on 
sale.  They  are  very  expensive  at  the  price  asked  for  them. 
These  inferior  oat  feeds  are  often  used  by  millers  to  mix 
with  cracked  corn,  the  resulting  product  being  sold  as 
provender.  It  is  quite  inferior  to  a  mixture  of  genuine 
ground  oats  and  corn.  New  feeds  are  constantly  coming 
into  the  market,  most  of  them  by-products  from  different 
industries.  The  writer  is  convinced  that  the  time  is  nearly 
at  hand  for  a  change  in  the  present  feed  law,  making  it  con- 
form to  the  laws  in  the  other  New  England  States. 

Methods  of  Analysis. — This  department  has  co-operated 
with  the  Association  of  Official  Agricultural  Chemists  in  in- 
vestigating different  methods  of  analysis,  with  a  view  to  their 
improvement.  During  the  present  year  investigations  have 
been  made  relative  to  the  best  methods  of  determining 
starch,  pentosans  and  galactan  in  feed  materials,  and  of 
casein  and  albumin  in  milk.     Work  of  this  character  cannot 
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be  expressed  in  figures.  It  consumes  much  time,  but  is 
very  necessary,  and  likely  to  be  productive  of  valuable 
results. 

Chemical  and  Physiological  Investigations.  —  So  far  as 
time  and  resources  permit,  the  chemical  staff  is  engaged  in 
investigating  some  of  the  many  pressing  dairy  and  feeding 
problems.  The  time  at  present  is  largely  devoted  to  the  ex- 
amination of  butter  fat,  the  manufacture  of  butter  and  to  the 
digestibility  of  feeding  stuffs.  It  is  to  be  regretted  that  the 
analysis  of  the  various  materials  sent  to  the  station  —  waters, 
milk,  cream,  butter  and  feed  stuffs  —  consumes  each  year  an 
increasing  amount  of  time,  and  necessairily  limits  the  extent 
of  experimental  work. 
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Part    II. 


FEEDING    EXPERIMENTS   AND    DAIRY   STUDIES. 


A.  — EFFECT  OF  FEED  ON  THE  COMPOSITION  OF  MILK, 
BUTTER  FAT,  AND  ON  THE  CONSISTENCY  OR  BODY 
OF  BUTTER. 


J.   B.    LINDSET.* 


Conclusions. 
As  a  result  of  the  experiments  which  follow,  concerning 
the  influence  of  feeds  and  feed  constituents  on  the  composi- 
tion of  milk,  butter  fat,  and  on  the  character  of  the  butter, 
the  following  deductions  are  made  :  — 

1.  Difi'erent  amounts  of  protein  do  not  seem  to  have  any 
influence  on  the  composition  of  the  milk. 

2.  Linseed  oil  in  flax-seed  meal,  when  fed  in  considerable 
quantities  (1.40  pounds  digestible  oil  daily),  increased  the 
fat  percentage  and  decreased  the  nitrogenous  matter  of  the 
milk.  This  fat  increase  was  only  temporary,  the  milk  grad- 
ually returning  (in  four  or  five  weeks)  to  its  normal  fat  con- 
tent. The  nitrogenous  matter  also  gradually  returned  to 
normal,  but  more  slowly  than  the  fat. 

3.  In  general,  feeds  containing  much  oil  have  a  tendency 
to  slightly  increase  the  fat  content  of  milk  when  first  fed. 
The  fat  percentage  gradually  returns  to  normal. 

4.  It  is  not  practicable  to  feed  large  amounts  of  oil  to 
cows,  as  it  has  a  tendency  to  derange  the  digestive  and 
milk-secreting  organs. 

*  Ably  assisted  by  E.  B.  Holland,  F.  W.  Mossman,  B.  K.  Jones  and  P.  H. 
Smith,  Jr. 
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5 .  Linseed  oil  effected  a  noticeable  change  in  the  composi- 
tion of  the  butter  fat,  causing  a  decrease  in  the  volatile  acids 
and  an  increase  in  the  melting  point  and  iodine  coefficient. 

6.  All  oils  do  not  produce  the  same  effects  on  butter  fat. 

7.  The  melting  point  of  butter  fat  is  not  always  indicative 
of  the  firmness  or  body  of  butter. 

8.  An  excess  of  linseed  oil  produced  a  soft,  salvy  butter, 
with  an  inferior  flavor. 

9.  Linseed  and  corn  gluten  meals,  with  a  minimum  per- 
centage of  oil  (3  per  cent. ) ,  produced  a  normal  butter  fat. 
The  corn  gluten  meal  produced  butter  with  a  desirable  flavor 
alid  of  good  body. 

10.  King  gluten  meal  (corn  gluten  meal  with  13  per  cent, 
oil)  increased  the  iodine  coefficient  of  the  butter  fat  several 
degrees  above  standard  ration  butter  fat,  and  slightly  de- 
pressed the  melting  point  of  the  fat.  This  effect  was  prob- 
ably due  to  the  corn  oil.  The  same  meal  produced  butter 
of  a  very  desirable  flavor  and  body.* 

11.  Cotton-seed  meal  produced  butter  fat  quite  similar  in 
composition  to  that  produced  by  the  standard  ration.  The 
butter  produced  by  this  meal  was  rather  crumbly  when  hard, 
and  slightly  salvy  to  the  taste. 

Further  experiments  concerning  the  effects  of  food  and 
food  constituents  on  butter  fat  and  butter  are  now  in 
progress. 

(a)     Preliminaey  Statement. 

During  the  last  six  years  a  number  of  experiments  have 
been  made  at  this  station  relative  to  the  effect  of  food,  first 
on  the  composition  of  milk  and  later  on  the  composition  of 
butter  fat.  It  is  not  the  writer's  intention  at  this  time  to 
attempt  any  historical  or  critical  review  of  the  work  of  others 
along  these  lines,  nor  to  present  the  full  data  of  his  own  work, 
but  rather  to  call  attention  to  the  progress  thus  far  made  in 
the  effort  to  secure  positive  knowledge  on  the  subject  under 
investigation.  The  detailed  experiments  will  be  published 
at  a  proper  time.  The  writer  believes  that  experimenters 
have  hitherto  neglected  to  note  the  effect  of  the  several  food 

*  The  body  of  this  butter  was  very  satisfactory  to  Mr.  W.  A.  Gude,  the  scorer, 
but  might  have  been  considered  by  some  as  lacking  in  firmness. 
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constituents  —  protein,  fat  and  carbohydrates  —  on  the  milk 
and  butter  fat,  but  have  rather  attempted  to  observe  the  in- 
fluence of  the  combinations  of  these  groups  as  they  exist  in 
the  difierent  foods.  It  is  believed  that  the  former  method 
would  yield  more  definite  information  on  this  perplexing 
subject. 

(6)     The  Effect  of  Protein  on   the   Composition   of 

Milk. 
In  an  early  experiment  *  diff'erent  amounts  of  protein 
were  fed,  and  the  efiect  on  the  composition  of  the  milk  was 
noted.  The  experiment  showed  that  the  fat  content  of  the 
milk  appeared  to  be  increased.  Unfortunately,  the  ration 
contained,  in  addition  to  the  protein,  an  excess  of  corn  and 
cotton-seed  oil,  derived  from  gluten  feed  and  cotton-seed 
meal,  and  it  was  not  at  all  clear  whether  the  protein  or  the 
oil  was  responsible  for  the  fat  increase.  Again,  the  periods 
were  of  too  short  duration  to  make  clear  whether  the  increase 
was  temporary  or  permanent.  In  the  next  two  experiments f 
the  oil  factor  was  eliminated  as  far  as  possible,  the  protein 
being  derived  from  corn  and  gluten  meals.  The  length  of 
the  periods  were  increased  so  as  to  cover  from  four  to  six 
weeks,  and,  because  of  increased  facilities  for  carrying  out 
the  experiments,  many  outside  influences  bearing  upon  the 
results  were  eliminated.  The  results  of  these  two  investiga- 
tions showed  no  particular  influence  of  the  protein  upon  the 
several  ingredients  of  the  milk,  except  a  very  slight  increase 
in  the  nitrogenous  matter  of  the  milk  when  the  largest  amount 
of  protein  was  fed.  It  therefore  seemed  probable  that  the 
oil  in  the  rations  fed  in  the  first  experiment  above  referred 
to  was  responsible  for  the  fat  increase. 

(c)  The  Effect  of  Fat  on  the  Composition  of  Milk. 
About  this  time  (1898),  Soxhlet,  a  German  investigator, 
made  the  statement  that,  contrary  to  general  teachings,  the 
fat  of  the  food  —  as  found  in  the  diff'erent  oil  cakes  fed  on 
the  continent  —  did  produce  a  very  noticeable  increase  in  the 

*  Report  of  Massachusetts  State  Experiment  Station,  1894. 
t  Ninth  and  eleventh  reports  of  Hatch  Experiment  Station. 
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relative  amount  of  fat  in  the  milk.  The  full  data  proving 
this  statement  has  not  been  published.  The  conclusion  of 
several  American  experimenters  who  had  previously  fed  dif- 
ferent fats  to  dairy  animals  was  that  no  positive  increase  was 
to  be  observed.  Soxhlet  suggested  that  the  reason  the  effect 
of  "  food  fat "  had  not  been  more  pronounced  was  because 
the  fat  or  oil  fed  had  not  been  digested  and  assimilated  by 
the  animals.  Following  out  the  suggestion  made  by  oiir  first 
experiment,  and  endeavoring  to  prove  or  disprove  Soxhlet's 
statements,  several  experiments  were  instituted. 

The  first  two  were  made  with  three  animals, — the  only 
ones  in  condition  at  the  time,  — in  the  summer  of  1898,  and 
have  been  designated  Experiments  I.  and  11.  It  was  merely 
a  preliminary  test.  These  animals  were  in  rather  an  advanced 
stage  of  lactation,  but  producing  15  to  20  pounds  of  milk 
each  per  day.  The  coarse  feeds  during  the  several  periods 
consisted  of  first  and  second  cut  hay,  or  second  cut  hay  and 
green  feed.  The  grain  feed  during  the  "normal  oil "  periods 
was  wheat  bran,  or  bran  and  Chicago  gluten  meal ;  and  in 
the  so-called  "  excess  oil"  periods  flaxseed  meal*  was  added 
to  the  wheat  bran,  or  was  substituted  for  the  Chicago  gluten 
meal.  In  the  normal  oil  periods  the  amount  of  oil  calculated 
to  be  digested  was  from  .4  to  .5  pounds,  and  during  the  ex- 
cess oil  periods  from  1.4  to  1.8  pounds.  The  normal  oil 
periods  lasted  seven  days,  then  followed  excess  oil  period 
of  ten  days,  subsequently  normal  oil  periods  of  four  days. 
Each  period  proper  was  preceded  by  a  preliminary  period 
of  seven  days.  When  the  excess  oil  was  fed,  the  fat  of  the 
milk  increased  one-half  per  cent,  in  almost  every  case  (that 
is,  from  5  to  5.50,  for  example),  and  in  some  cases  even 
more,  and  dropped  back  again  when  the  excess  oil  was  re- 
moved to  even  below  what  it  was  in  the  first  or  normal  oil 
period.  Part  of  the  increase  might  be  attributed  to  change 
of  feed.  The  periods  were  short  and  the  weather  warm,  and 
the  experiment  could  be  considered  of  only  sufficient  impor- 
tance to  warrant  still  further  investigations  under  more  favor- 
able conditions. - 

*  This  meal  contained  about  37  per  cent,  of  linseed  oil. 
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Experiment  III. 

[New-process  linseed  meal  (Cleveland  flax  meal)  v.  flaxseed  meal.] 

The  next  experiment  was  begun  in  October,  1898,  and 
continued  until  February,  1899.  The  cows,  ten  in  number, 
were  divided  as  evenly  as  possible  into  Herds  I.  and  II. 
Both  herds  received  rowen  (second  cut  hay)  as  the  coarse 
fodder  during  the  entire  experiment.  The  grain  ration  for 
each  herd  consisted  of  bran,  new-process  linseed  meal* 
(Cleveland  flax  meal,  so  called)  and  corn  meal  during  the 
first  period  of  three  weeks,  one  week  of  which  was  prelim- 
inary. This  was  designated  the  "normal  oil"  ration.  In 
the  second  period  of  twelve  weeks  Herd  11.  received  flaxseed 
meal  in  place  of  the  Cleveland  flax  meal,  and  corn  meal ;  and 
the  entire  ration  of  Herd  I.  was  continued  unchanged.  The 
ration  consumed  by  Herd  II.  in  the  second  period  was  des- 
ignated the  "excess  oil"  ration.  The  third  period  proper 
lasted  two  weeks,  and  both  herds  were  fed  the  same  ration 
as  in  the  first  period.  Herd  I.  then  received  the  same 
(normal  oil)  ration  throughout  the  entire  experiment  and 
Herd  II.  the  excess  oil  ration  in  the  second  period.  The 
normal  oil  ration  consisted  of  about  .5  pounds  of  digestible 
oil  and  the  excess  oil  ration  of  1.75  pounds.  The  amount 
of  protein  and  carbohydrates  were  essentially  the  same,  the 
oil  being  the  varying  factor. 


Daily  Ration  {Pounds). 
First  period :  both  herds  normal  oil  ration. 


HERDS. 

Wheat      j  Cleveland 
Bran.         Flax  Meal. 

Flaxseed 
Meal. 

Corn 
Meal. 

Rowen. 

Herd  I 

Herd  II 

I 

2 
2 

- 

2  to  3 
2  to  3 

20  to  24 
20  to  24 

Second  period :  Herd  I.,  normal  oil  ration 

;  Herd  II.,  excess  oil  ration. 

Herd  I 

Herd  II.,         .... 

2 
2 

2 

4 

2  to  3 
Otol 

20  to  24 
20  to  24 

Third  period :  both  herds  normal  oil  ration. 


Herd  I 

Herd  II 

2 
2 

2 
2 

- 

2  to  3 
2  to  3 

20  to  24 
20  to  24 

*  This  meal  contained  less  than  3  per  cent,  of  oil. 


1901.] 


PUBLIC   DOCUMENT  — No.  31. 


107 


The  animals  completed  the  experiment  with  only  slight 
disturbances.  Composite  samples  of  each  cow's  milk  and  of 
the  mixed  milk  of  each  herd  were  made  for  five  days  of  each 
week,  and  the  milk  was  tested  for  total  solids,  fat,  nitrogen 
and  ash.  The  analyses  of  the  mixed  milk  only  are  presented 
at  this  time  :  — 

Milk  Analyses. 
First  period :  both  herds  normal  oil  ration. 


SAMPLES. 

Total 
Solids. 

Fat. 

Solids 
NOT  Fat. 

ISTlTBOGBN. 

Ash. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Herd 
I. 

Herd 
II. 

Weekly  sample, 
Weekly  sample, 
Weekly  Bample, 

13.27 
13.55 
13.79 
13.54 

13.25 
13.43 
13.62 

4.23 
4.62 
4.59 

4.05 
4.40 
4.52 

9.04 
8.93 
9.20 

9.20 
9.03 
9.10 

0.519 
0.539 
0.547 

0.531 
0.543 
0.544 
0.539 

0.69 
0.70 
0.72 

0.72 
0.71 

0.72 

Averages,  . 

13.43 

4.48 

4.32 

9.06 

9.11 

0.535 

0.70 

0.72 

Second  period :  Herd  I. 

normal  oil  ration 

;  Herd  II.,  excess  oil  ration. 

Weekly  sample, 

14.00 

14.36 

5.07 

5.56 

8.93 

8.80 

0.550 

0.511 

0.71 

0.72 

Weekly  sample. 

14.12 

5.05 

- 

9.07 

- 

0.581 

- 

0.71 

- 

Weekly  sample, 

14.16 

14.25 

4.96 

5.24 

9.20 

9.01 

0.572 

0.529 

0.72 

0.71 

Weekly  sample, 

14.21 

14.19 

5.16 

5.27 

9.05 

8.92 

0.574 

0.532 

0.73 

0.71 

Weekly  sample. 

14.26 

14.02 

5.08 

5.14 

9.18 

8.88 

- 

- 

- 

- 

Weekly  sample. 

14.21 

14.03 

5.13 

5.19 

9.08 

8.84 

0.575 

0.519 

0.72 

0.71 

Weekly  sample, 

14.07 

13.85 

4.85 

4.96 

9.22 

8.89 

0.575 

0.517 

0.72 

0.70 

Weekly  sample, 

14.07 

13.92 

4.85 

5.00 

9.22 

8.92 

0.672 

0.531 

0.72 

- 

Weekly  sample, 

- 

13.96 

- 

5.05 

- 

8.91 

- 

- 

- 

- 

Weekly  sample, 

14.30 

14.06 

4.85 

4.93 

9.45 

9.13 

0.587 

0.536 

0.72 
0.72 

0.71 

Averages,  . 

14.16 

14.07 

5.00 

5.15 

9.16 

8.92 

0.573 

0.525 

0.71 

Third  period :  both  herds  normal  oil  ration. 


Weekly  sample. 
Weekly  sample. 

14.14 
14.06 

13.54 
13.70 

4.87 
4.68 

4.38 

4.28 

9.27 
9.38 

9.16 
9.42 

- 

0.561 
0.566 

- 

0.70 
0.71 

Averages,  . 

14.10 

13.62 

4.77 

4.33 

9.33 

9.29 

- 

0.563 

- 

0.71 

In  studying  the  average  results,  one  notes  that  in  the  first 
period  both  herds  produced  milk  of  approximately  the  same 
quality.  The  second  period  of  twelve  weeks  showed  an  in- 
crease in  the  fat  of  Herd  I.  from  4.48  to  5,  or  .52  per  cent.. 
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—  a  natural  increase,  due  to  the  advance  in  the  period  of 
lactation;  and  in  Herd  II.  from  4.32  to  5.15,  or  .83  per 
cent.  The  percentage  increase  in  Herd  I.  was  11.6  per 
cent,  and  in  Herd  II.  19.2,  showing  that  Herd  II.  made  the 
greater  average  increase.  The  total  solids  increased  about 
the  same  in  each  herd.  The  average  nitrogen  percentage 
increased  for  Herd  I.  from  .535  to  .573,  in  about  the  same 
proportion  as  the  total  solids ;  while  Herd  II. ,  instead  of 
showing  an  increase,  had  a  slight  decrease.  The  ash  remained 
practically  unchanged.  In  the  third  period  there  was  a  slight 
decrease  in  the  total  solids  and  fat  of  Herd  I.,  and  a  very 
noticeable  decrease  in  the  fat  of  Herd  II.  The  nitrogen  per- 
centage of  Herd  II.  in  this  period  increases  to  about  the  average 
produced  by  Herd  I.  in  the  second  period.  To  note,  how- 
ever, the  full  effect  of  the  excess  oil  ration,  one  must  observe 
the  weekly  analyses  of  the  milk  of  both  herds  in  the  excess 
oil  period.  For  example,  the  last  fat  test  in  the  normal  oil 
period  was  4.59  per  cent,  for  Herd  I.  and  4.52  per  cent,  for 
Herd  II.  The  first  fat  test  in  the  second  period  was  5.07 
for  Herd  I.  (receiving  the  normal  oil  ration)  and  5.56  for 
Herd  II.  (receiving  the  excess  oil  ration).  During  this 
entire  period  Herd  I.  showed  little  variation  in  fat,  and 
averaged  5  per  cent.  Herd  II.  increased  from  4.48  to  5.56 
at  the  beginning  of  the  excess  oil  period,  and  then  grad- 
ually decreased,  until  at  the  close  of  the  period  it  tested 
4.93  and  averaged  5.15  per  cent,  of  fat.  When  it  is  remem- 
bered that  the  figures  given  represent  the  mixed  milk  of  five 
cows,  it  seems  safe  to  conclude  that  the  excess  of  oil  did  in- 
crease the  percentage  of  fat  in  the  milk,  but  the  increase  was 
only  temporary,  the  fat  percentage  gradually  dropping  back 
to  an  amount  parallel  with  Herd  I.  The  nitrogen  percentage 
of  Herd  II.  in  the  second  period  did  not  increase  so  rapidly 
as  did  the  fat.  At  the  l)eginning  of  the  period  it  was  less 
than  at  the  close  of  Period  I. ,  and  did  not  begin  to  increase 
until  near  the  close  of  the  period.  In  the  third  period  it 
was  apparently  normal  again. 

One  might  suppose  that  the  fat  increase  in  the  case  of 
Herd  II.  could  be  accounted  for  by  the  shrinkage  in  milk 
production.     The   shrinkage,   however,  was   no  more  than 
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with  Herd  I.  Again,  should  this  be  the  case,  why  should 
not  the  nitrogen  increase  in  the  same  proportion,  instead  of 
actually  decreasing,  etc.  ? 

To  summarize  briefly,  the  marked  efiect  of  the  oil  was  to 
produce  a  quite  noticeable  increase  in  the  percentage  of  milk 
fat  when  first  fed ;  this  increase  gradually  diminished,  until 
at  the  end  of  the  fifth  week  it  reached  the  normal.*  When 
the  excess  oil  ration  was  removed,  the  milk  fat  percentage 
dropped  noticeably  below  the  normal.  A  second  effect  of 
the  oil  ration  was  to  cause  a  depression  in  the  percentage  of 
nitrogen  in  the  milk,  which  began  to  increase  only  towards 
the  close  of  the  period,  and  increased  to  the  normal  percent- 
age when  the  excess  oil  ceased  to  be  fed.  As  a  result  of 
this  experiment,  one  is  led  to  inquire  in  what  way  the  oil  in 
the  feed  caused  the  temporary  increase  of  fat  in  the  milk. 
Does  the  feed  oil  to  any  extent  enter  directly  into  the  milk 
fat,  or  does  it  by  substitution  cause  the  body  fat  to  be  util- 
ized by  the  animal  in  the  production  of  milk  fat,  as  Soxhlet 
suggests ;  or  does  the  feed  oil  produce  a  disturbance  in  the 
milk  glands,  causing  an  increased  fat  secretion,  by  utilizing 
a  portion  of  the  material  that  would  otherwise  become  nitrog- 
enous matter  and  milk  sugar?  These  are  questions  worthy 
of  further  investigation. 

This  experiment  is  rather  more  decisive  in  its  teachings 
than  many  earlier  investigations.  The  question  for  further 
investigation  is,  whether  other  oils,  derived  from  cotton-seed, 
corn,  etc.,  act  in  a  similar  way  to  linseed  oil.  Investigations 
touching  this  and  other  points  are  now  in  progress. f 

(f?)  The  Effect  of  Linseed  Oil  on  Butter  Fat. 
Two  samples  of  butter  fat  were  taken  weekly  from  each 
herd,  in  the  experiment  above  described,  and  upon  analyses 
yielded  the  following  average  results  :  — 

*  By  normal  is  meant  the  percentage  produced  by  Herd  I. 

t  This  experiment  was  completed  during  the  winter  of  1898-99,  but  has  remained 
unpublished,  owing  to  the  prolonged  illness  of  the  writer.  Since  that  time  Hills 
(twelfth  report,  Vermont  Experiment  Station),  Rhodin  (Milch  Zeitung  27,  pp.  306- 
323,  1898),  Bartlett  (fourteenth  report,  Maine  Experiment  Station)  and  others  have 
published  results  of  a  similar  nature,  to  which  more  extended  reference  will  be  made 
at  another  time. 
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Butter  Fat  Analyses. 
First  period :  both  herds  7iormal  oil  ration. 


HERDS. 

Length  of 

Period 

(Weeks). 

Specific 
Gravity 

/lOOx 

Reichert- 

MeiBsl 
Number. 

Butyric 

Acid 

Equivalent. 

Melting 

Point 

(Degrees  C). 

Iodine 
Number, 

Herd  I.,     . 
Herdn 

2 
2 

.905 
.908 

29.79 

28.62 

5.24 
5.04 

31.99 
32.24 

28.93 
30.02 

Second  period :  Herd  II.,  excess  oil  ration. 

Herd  I 

Herd  II 

12 
12 

.904 
.903 

30.28              5.33 
25.17      1        4.43 

32.89 
36.93 

28.16 
43  19 

Third  period :  both  herds  normal  oil  ration. 

Herd  I.,     ...            2 
Herd  II.,    ...            2 

- 

27.96 

4.92 

33.03 

32.15 

The  averages  show  that  the  effect  of  the  oil  was  to  depress 
the  volatile  acids  and  to  increase  the  melting  point  and  iodine 
number.  The  change  was  noted  in  the  case  of  Herd  11.  at 
the  beginning  of  the  excess  oil  period,  and  continued  unin- 
terrupted until  its  close. 

In  the  third  period  of  two  weeks  (one  week  preliminary 
and  two  weeks  proper),  in  which  both  herds  received  the 
normal  oil  ration,  the  butter  fat  in  case  of  Herd  II.  changed 
in  composition  nearly  to  that  of  Herd  I.  at  the  close  of  the 
second  period.  The  effect  of  the  change  of  feed  was  observed 
at  the  close  of  the  first  week,  but  it  seemed  to  require  several 
weeks  for  the  animals  to  thoroughly  readjust  themselves.  It 
is  evident  that  the  linseed  oil  caused  a  butter  fat  to  be  pro- 
duced having  lower  volatile  acids  than  that  produced  in  the 
normal  oil  period.  One  would  also  assume  that  it  caused  a 
change  in  the  relative  proportions  of  stearin,  palmitin  and 
olein.  The  question  arose  as  to  whether  linolic  and  linolinic 
acids  —  the  characteristic  acids  of  linseed  oil  —  had  been 
actually  transmitted  to  the  butter  fat,  and  an  effort  was  made 
to  detect  them,  but  without  positive  results.  We  hope  to 
still  further  investigate  this  matter. 
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(e)     The  Effect  of  Linseed  Oil  on  Butter. 

When  this  experiment  was  begun  it  was  not  the  intention 
to  convert  the  cream  into  butter,  but  to  note  particularly 
the  effect  of  the  oil  on  the  composition  of  the  milk  and  but^ 
ter  fat.  The  oil,  however,  effected  such  a  change  in  the 
chemical  character  of  the  butter  fat  that  it  seemed  wise  to 
note  its  effect  on  the  resulting  butter  product.  Accordingly 
six  lots  of  butter  were  made  from  each  herd,  towards  the  close 
of  the  second  or  excess  oil  period.  It  was  not  possible  at 
the  time  to  mal^e  a  first-class  article,  owing  to  poor  facilities. 
We  were  obliged  to  ripen  the  cream  in  cans,  to  churn  with 
a  small  hand  churn  and  to  work  the  butter  with  a  small 
paddle.*  Two  lots  of  butter  from  each  herd  were  submitted 
to  chemical  analysis,  and  found  to  be  of  normal  character. 
They  contained  from  about  10  to  12  per  cent,  of  water,  85 
to  87  per  cent,  of  butter  fat,  less  than  1  per  cent,  of  curd 
and  a  normal  amount  of  salt.  The  several  samples  were 
scored  by  Mr.  W.  A.  Gude,  of  the  firm  of  Gude  Bros., 
New  York,  who  stated  that  both  lots  were  of  poor  flavor, 
having  a  burnt  taste,  as  of  rendered  butter ;  and  the  body 
from  Herd  I.  was  short  grained,  brittle  and  crumbly ;  from 
Herd  II.,  salvy  or  very  salvy. 

Mr.  C.  H.  Eckles,  butter  maker  at  the  college  dairy 
school,  reported  as  follows  concerning  the  body  and  flavor 
of  the  several  butters  :  "The  butter  from  the  normal  ration 
is  considerably  firmer  than  that  from  the  excess  oil  ration, 
and  the  grain  is  shorter.  As  compared  with  the  product  of 
the  best  creamery  butter,  neither  is  exactly  normal  in  con- 
sistency, the  normal  ration  butter  being  more  crumbly  and 
the  butter  from  the  excess  oil  ration  more  salvy  or  greasy 
than  normal.  From  a  commercial  stand-point,  the  body  of 
excess  oil  butter  is  possibly  the  more  objectionable.  The 
flavor  and  aroma  of  normal  ration  butter  is  inferior  to  that 
of  excess  oil  butter.  In  case  of  the  former,  something  of 
an  old  flavor,  impossible  to  describe,  is  noticed.  The  flavor 
of  excess  oil  butter,  while  not  very  good,  is  more  the  flavor 

*  Since  then  a  small  dairy  building  for  experimental  purposes  has  been  erected 
and  fully  equipped  for  this  department. 
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of  fresh  butter."  Referring  to  another  lot,  Mr.  Eckles  says  : 
"The  same  difference  in  consistency  was  observed,  and  in 
about  the  same  degree,  and  the-  difference  in  flavor  was  the 
same,  but  more  marked." 

The  writer  lays  no  claim  to  being  an  expert  judge  of  but- 
ter, but  his  observations,  made  at  the  time,  were  as  follows  : 
Butters  from  normal  ration  were  hard  and  firm  at  15°  C, 
and  those  from  excess  oil  ration  of  a  softer,  lardy  nature. 
It  required  some  effort  to  force  a  glass  rod  into  normal 
ration  butter,  but  the  same  rod  slipped  much  easier  into 
excess  oil  butter.  One  could  distinguish  the  two  butters 
almost  with  the  eye,  and  easily  with  the  touch.  Samples  of 
the  two  butters  were  placed  in  crystallization  dishes  upon  a 
hot-water  radiator.  Normal  ration  butter  remained  firmer 
for  a  time  than  excess  oil  butter,  but  resolved  itself  into  oil 
more  quickly.  When  normal  ration  butter  was  nearly  all 
oil,  excess  oil  butter  was  soft  enough  to  spread  out  over  the 
bottom  of  the  dish,  but  had  melted  but  little.  This  latter 
observation  is  very  interesting,  and  shows,  at  least  in  case 
of  this  experiment,  that  the  melting  'point  of  the  butter  fat 
did  not  govern  the  firmness  or  body  of  the  butter.  Does  this 
hold  true  in  all  cases  ?  The  average  melting  point  of  normal 
oil  butter  fat  was  32.89  and  of  excess  oil  butter  fat  36.93. 
While  the  excess  oil  butter  fat  showed  a  melting  point  AP 
higher  than  the  normal  oil  fat,  yet  the  normal  oil  butter  was 
firmer  at  ordinary  temperature,  and  kept  its  body  better 
when  a  gentle  heat  was  applied.  When,  however,  the  heat 
was  increased,  the  firmer  normal  oil  butter  actually  resolved 
itself  into  oil  more  quickly  than  did  the  salvy  excess  oil  but- 
ter.    The  reason  for  this  cannot  be  discussed  at  this  time. 

It  is  clear,  from  the  foregoing  observations,  that  the  but- 
ters from  both  herds  were  of  quite  inferior  flavor.  It  was 
unfortunate  that  our  facilities  for  butter  making  at  t'he  time 
were  not  better.  Just  why  the  flavor  of  both  lots  was  so 
poor  is  not  quite  clear,  as  they  were  made  by  an  experienced 
butter  maker,  the  stable  was  clean  and  the  milk  carefully 
handled.  How  much  of  this  is  to  be  attributed  to  poor 
facilities,  how  much  to  inferior  bacteria  and  how  much  to 
influence  of  food,  cannot  be  ascertained.     The  butters  were 
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probably  rather  overworked.  One  point,  however,  stands 
out  very  distinctly  ;  namely,  the  influence  of  food  on  the  body 
of  the  butter.  The  linseed  oil  surely  produced  a  butter  of 
high  melting  point,  yet  soft  and  salvy,  and  unable  to  stand 
up  under  a  gradually  rising  temperature,  as  did  the  butter 
when  the  oil  was  not  fed. 

The  above  experiment  naturally  suggests  two  questions : 
First,  do  the  oils  in  the  various  feed  stuffs  tend  to  produce 
a  salvy  butter,  lacking  in  firmness?  Second,  what  is  the 
effect  of  different  forms  of  protein,  as  found  in  linseed,  cot- 
ton-seed and  gluten  meals  on  the  body  of  butter? 

(f)  The  Effect  of  Different  Concentrated  Feeds 
ON  Butter  Fat  and  Butter. 

At  the  close  of  the  above  experiment  it  seemed  advisable 
to  note  the  effect  of  several  concentrated  feeds,  as  they  are 
found  in  the  markets,  upon  the  character  of  butter  fat  and 
butter.  Accordingly  a  "standard"  grain  ration  was  adopted, 
and  other  rations  compared  with  it.  It  is  not  to  be  inferred 
that  the  so-called  * '  standard "  ration  is  superior  to  all  other 
rations,  but  simply  that  it  was  thought  to  be  a  safe  and  desir- 
able ration,  and  likely  to  produce  a  normal  butter. 

Two  experiments,  known  as  Experiments  IV.  and  V.,* 
were  completed  in  the  spring  of  1898,  with  twelve  cows, 
divided  into  two  herds  of  six  cows  each.  Rations  containing 
4  pounds  of  Cleveland  flax  meal  and  4  pounds  of  Chicago 
gluten  meal,  respectively,  were  compared  with  the  standard 
ration.  Herd  II.  received  the  standard  ration,  and  Herd  I. 
the  Cleveland  flax  meal  and  Chicago  gluten  meal  rations. 
All  these  rations  contained  only  a  normal  amount  (.5  to  .6 
pounds)  of  digestible  oil,  while  the  Cleveland  flax  or  the 
Chicago  gluten  meal  themselves  contained  less  than  3  per 
cent,  of  oil,  so  that  one  could  note  particularly  the  effect  of 
the  protein  in  the  linseed  and  gluten  meals  on  the  butter  fat 
and  butter. 

*  These  two  experiments  were  made  in  connection  with  the  Department  of  Agri- 
culture. 
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Daily  Ration  (Pounds). 


RATIONS. 

Wheat 
Bran. 

Ground 
Oats. 

Cotton- 
seed 
Meal. 

Chicago 
Gluten 
Meal. 

Cleveland 
Flax  Meal. 

First 
Cut 
Hay. 

Corn 
Silage. 

Standard  ration, 

Cleveland  flax  meal  ra- 
tion. 

Chicago  gluten  meal  ra- 
tion. 

3 
2 

2 

5 
2 
2 

.5 

.5 

4 

4 

12-15 
12  15 
12-15 

20 
20 
20 

The  experiments  proper  lasted  five  weeks,  preceded  by  a 
preliminary  period  of  ten  to  fourteen  days. 


Experiment  IV. 
[Standard  ration  v.  Cleveland  flax  meal  ration.] 

Five  samples  of  butter  fat  were  analyzed,  with  the  follow- 
ing averaa;e  results  :  — 

Butter  Fat  Analyses. 


RATIONS. 

Reichert- 

Meissl 
Number. 

Butyric 

Acid 

Equivalent. 

Insoluble 
Acids. 

Melting 
Point. 

Iodine 
Number. 

Standard  ration, 

Cleveland  flax  meal  ration, 

30.92 
29.50 

5.44 
5.19 

88.48 
88.69 

33.80 
33.23 

28.96 
26.77 

The  averages  show  comparatively  slight  variations,  the 
fats  resulting  from  both  rations  being  normal  in  character. 
The  Cleveland  flax  meal  ration  produced  a  fat  with  less 
volatile  acids  and  a  trifle  lower  melting  point  and  iodine 
number  than  did  the  standard  ration.  Whether  this  difier- 
ence  is  due  to  the  individuality  of  the  two  herds,  or  to  the 
influence  of  the  linseed  meal,  cannot  be  stated. 

Ten  lots  of  butter  were  made  from  each  herd.  The  ripen- 
ing, churning,  etc.,  were  made  in  the  same  way  as  in  the 
previously  described  linseed  oil  experiment  (Experiment 
III.).  Five  lots  of  butter  made  from  each  ration  were  an- 
alyzed and  found  to  be  of  normal  character.  The  ten  lots 
were  scored  by  Mr.  W.  A.  Gude  of  New  York,  with  the 
following  average  results  :  — 
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Average  Butter  Score. 


Flavor. 

Body. 

Color. 

Salt. 

Style. 

Total. 

standard  ration 

Cleveland  flax  meal  ration, . 

35.9 
31.4 

24.2 
22.0 

15 
15 

10 
10 

5 
5 

90.1 
82.4 

Standard  Bcore 

45.0 

25.0 

15 

10 

5 

100.0 

Mr.  Gude  reported  the  flavor  of  the  butter  from  the  flax 
meal  ration  as  "  stale,  rancid  or  oily,"  "  strong,  oily,  seems 
rancid,"  "oily,"  etc.  Concerning  the  flavor  of  standard 
ration  butter  he  reported  ' '  fair  to  fine  "  and  in  four  instances 
he  referred  to  "  oily  flavor."  With  regard  to  body  of  flax 
meal  butter  he  used  the  terms  "  brittle,  dry,  salvy,  short," 
and  for  standard  ration  butter  "  good,  but  trifle  short,"  and 
"perfect."  In  a  letter  Mr.  Gude  said:  "While  trying  to 
pay  particular  attention  to  body,  I  notice  that  the  most  ob- 
jectionable feature  is  that  peculiar  oily  taste,"  etc.  "  This  I 
notice  you  have  apparently  overcome  in  No.  1282  "  (stand- 
ard ration  butter) .  Again  :  "I  notice  a  particular  improve- 
ment in  the  quality,  particularly  of  samples  1272  and  1274" 
(standard  ration  butter). 

The  butters  were  rather  dry,  having  about  12  per  cent,  of 
water.  It  is  clear  that,  while  the  butter  made  from  both 
rations  did  not  score  high,  that  made  from  the  flax  meal 
ration  was  noticeably  inferior  in  flavor  and  in  body  to  the 
standard  ration  butter.  This  seems  to  agree  with  the  lin- 
seed oil  experiment  (Experiment  III.).  In  that  experi- 
ment, even  when  only  two  pounds  of  flax  meal  were  fed,  the 
flavor  was  inferior ;  and  when  flax-seed  meal  was  fed  the 
body  and  flavor  were  both  bad.  It  is  not  desired,  however, 
to  be  too  positive  about  the  flax  meal  (linseed  meal,  with  a 
minimum  amount  of  oil)  producing  an  inferior-flavored  but- 
ter, but  we  prefer  to  call  attention  to  the  results  thus  far 
secured,  and  to  repeat  the  experiment. 
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Experhnent  V. 

[Standard  ration  v.  Chicago  gluten  meal  ration.] 

This  experiment  was  identical  with  Experiment  IV.,  ex- 
cepting that  4  pounds  of  the  Chicago  gluten  meal  (corn 
gluten)  were  substituted  for  4  pounds  of  flax  meal.  The 
average  results  of  the  analyses  of  five  samples  of  butter  fat 
follow :  — 

Butter  Fat  Analyses. 


RATIONS. 

Reichert- 

Meissl 
Number. 

Butyric 

Acids 

Equivalent. 

Insoluble 
Acids. 

Melting 
Point. 

Iodine 
Number. 

Standard  ration 

Chicago  gluten  meai  ration, 

30.07 
32.07 

5.29 
5.64 

88.84 
88.26 

34.76 
33.04 

29.00 
27.67 

No  wide  variations  are  noted.  The  Chicago  gluten  ration 
produced  rather  more  volatile  acids,  a  trifle  less  insoluble 
acids,  a  lower  melting  point  and  a  lower  iodine  number. 
The  difierences  are  too  slight  to  draw  any  positive  conclu- 
sions. In  both  these  experiments  (Experiments  lY.  and 
V.)  one  notes  that  the  standard  ration  produced  butter  with 
a  little  higher  melting  point  and  a  lower  iodine  number. 
All  the  butter  fats,  however,  were  of  normal  character. 

Ten  lots  of  butter  were  made  from  each  ration,  under  sim- 
ilar conditions,  as  previously  described.  Five  samples  were 
analyzed  chemically  and  found  to  be  normal.  The  butter 
was  quite  dry,  showing  but  11  per  cent,  of  water.  Mr. 
Gude  scored  the  ten  samples  made  from  each  ration  with  the 
following  average  results  :  — 

Average  Butter  Score. 


Flavor. 

Body. 

Color. 

Salt. 

Style. 

Total. 

Standard  ration 

Chicago  gluten  ration,  .... 

35.6 
35.2 

23.8 
24.0 

15 

15 

10 

10 

5 
5 

89.4 
89.2 

Standard  ecore 

45.0 

25.0 

15 

10 

5 

100.0 

These  butters  appear  to  be  practically  identical,  no  partic- 

The  first  four  or  five  lots 


ular  feed  influence  being  noted 
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from  each  ration  were  reported  as  having  a  ' '  tainted  off 
flavor,"  and  were  marked  down.  The  last  five  lots  were  re- 
ported as  being  "  good,"  "  clean  flavor,"  etc.,  and  scored  38 
and  39  out  of  a  possible  45.  The  body  of  each  of  the  two 
lots  was  reported  a  "trifle  short,"  "  brittle,"  "breaks  easily," 
etc.,  and  were  marked  down  one  point.  The  score  is  not 
very  high,  due  to  rather  poor  flavor.  This  is  attributed, 
partly  at  least,  to  rather  poor  facilities  in  ripening  and 
handling  and  not  to  feed.  The  corn  gluten  in  this  case  does 
not  appear  to  have  had  any  bad  influence  on  the  body  of  the 
butter.  It  is  held  by  many  that  gluten  products  produce  a 
soft,  salvy  butter.  This  we  are  inclined  to  attribute  to  the 
influence  of  the  corn  oil,  which  is  now  largely  removed  be- 
fore the  gluten  products  are  put  upon  the  market.  Bartlett's 
recent  experiments  support  this  view.* 

Both  lots  of  butter  were  tested  for  firmness  of  body  by  the 
usual  method  of  allowing  a  plunge  of  given  weight  to  drop 
from  a  certain  height,  noting  the  degree  of  penetration  in 
millimeters.  The  average  figures  were  6.9  millimeters  for 
the  standard  ration,  and  6.7  millimeters  for  the  Chicago 
gluten  meal  ration,  showing  practically  no  difference. 

Experiment  VI.     1899-1900. 

[Period  I.,  standard  ration,  both  herds;  Period  II.,  standard  ration  v.  King  gluten 
meal  ration ;  Period  III.,  standard  ration  v.  cotton-seed  meal  ration.] 

During  the  winter  of  1899-1900  another  experiment  was 
instituted,  to  note  the  effect  of  King  gluten  meal,  with  14 
per  cent,  corn  oil,  and  normal  cotton-seed  meal,  with  12.6 
per  cent,  oil,  on  the  butter  fat  and  butter.  Ten  cows  were 
divided  as  evenly  as  possible  into  herds  of  five  each.  In  the 
first  period,  lasting  two  weeks, f  both  herds  were  fed  the 
standard  ration.  In  the  second  period  of  five  weeks  |  Herd 
I.  received  the  standard  ration  and  Herd  II.  the  King  gluten 
meal  ration.  In  the  third  period  of  five  weeks  j  Herd  I.  re- 
ceived the  standard  ration  and  Herd  II.  the  cotton-seed  meal 
ration.  It  will  thus  be  seen  that  both  Herds  received  the 
same  ration  in  the  first  period,  then  Herd  II.  was  changed 

*  Maine  Experiment  Station  report,  1898,  pp.  97-113. 
t  Preliminary  period  of  two  weeks  not  included. 


118 


HATCH  EXPERIMENT   STATION. 


[Jan. 


to  the  other  two  rations  and  Herd  I.  was  used  as  a  check  for 
comparison.     The  several  rations  were  as  follows  :  — 


Daily  Rations 

Poun 

ds). 

RATIONS. 

Wheat 
Bran. 

Ground 
Oats. 

Cotton- 
seed 
Meal. 

Chicago 
Gluten 
Meal. 

King 
Gluten 
Meal. 

Com 
Silage . 

Hay. 

standard  ration, 
King  gluten  meal, 
Cotton-8eed  meal. 

3 
2 
2 

5 

2 
2 

.5 

4 

.5 

4 

20 
20 
20 

10-15 
10-16 
10-15 

The  averasre  results  follow  :  — 


Analyses  of  Butter  Fat. 
First  2^eriod :  both  herds  standard  ration. 


HERDS. 

Number 
Samples. 

Saponifica- 
tion 
Equivalent. 

Insoluble 
Acids. 

Reichert- 

Meissl 
Number. 

Butyric           Melting 

Acid                Point 

Equivalent.  (Degrees  C). 

Iodine 
Number. 

Herd  I., . 
Herd  II., 

4 
4 

233.3 

232.9 

88.35 
87.98 

32.18 
32.64 

5.67 
6.74 

34.08 
33.94 

25.84 
26.78 

Second  period :   Herd  /.,  standard  ration ;  Herd  II.,  King  gluten  meal 

ration. 

Herd  I., . 
Herd  II., 

10 
10 

232.4 
231.0 

88.27 
88.24 

31.48 
32.62 

5.54 
5.76 

34.00 
32.80 

26.44 
32.76 

Third  2:>eriod :  Herd  I.,  standard  ration ;  Herd  II.,  cotton-seed  meal  ration. 

Herd  I., . 
Herd  II., 

10 
10 

229.6 
227.9 

88.62 
88.70 

30.56 
31.03 

5.38 
5.46 

34.12 
35.60 

26.35 
29.36 

The  experiment  began  December  7  and  ended  April  15, 
or  130  days.  It  is  interesting  to  note  the  evenness  in  the 
composition  of  the  butter  fat  during  this  time  produced  by 
Herd  I.  receiving  the  standard  ration.  There  was  a  slight 
decrease  in  the  saponification  equivalent  and  the  Reichert- 
Meissl  number,  but  practically  no  change  in  the  melting 
point  or  iodine  number. 

In  the  first  period  both  herds  produced  butter  fat  of  sim- 
ilar composition.  In  the  second  period  the  fat  produced  by 
Herd  II.,  receiving  the  King  gluten  meal  ration,  showed  no 
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change  in  Eeichert-Meissl  number,  a  slight  depression  in 
melting  point  and  a  noticeable  increase  in  the  iodine  num- 
ber. The  effect  would  probably  have  been  more  marked 
had  more  corn  oil  been  fed.  In  the  case  of  the  linseed  oil 
experiment  both  the  melting  point  and  iodine  number  were 
increased. 

In  the  third  period  the  fat  produced  by  the  cotton-seed 
meal  ration  showed  but  little  change  in  composition  from 
that  produced  by  the  standard  ration. 

It  seems  evident  that  different  oils  —  linseed,  corn  and 
cotton-seed  oils  —  exert  a  different  influence  on  butter  fat, 
these  oils  themselves  being  of  different  composition. 

In  making  the  butter,  the  creams,  raised  by  the  gravity 
process,  were  treated  as  nearly  alike  as  possible.  Our  dairy 
building  was  completed,  and  afforded  excellent  facilities  for 
doing  the  work.  The  cream  was  ripened  to  approximately 
.7  acidity  in  forty-eight  hours.  A  skim-milk  starter  was 
used  without  the  aid  of  any  specially  prepared  ferment. 
Every  sample  of  butter  was  analyzed  and  found  to  be  normal, 
showing  about  12  per  cent,  of  water,  80  to  82  per  cent,  of 
butter  fat  and  1  per  cent,  casein.  The  butters  were  scored 
by  Mr.  W.  A.  Gude,  with  the  following  average  results  :  — 

Average  Butter  Score. 
First  period  :  both  herds  standard  ration. 


HERDS. 

Number 
Samples. 

Flavor. 

Body. 

Color. 

Salt. 

Style. 

Total. 

Herd  I 

Herd  II 

4 
4 

36.2 
36.2 

23.4 
23.4 

15 
15 

10 
10 

5 
5 

89.6 
89.6 

Second  period :   Herd  J.,  standard  ration;  Herd  II.,  King  gluteal  meal 

ration. 


Herd  I 

10 

37.8 

24.0 

15 

10 

5 

91.8 

Herd  II.,      .... 

10 

39.7 

24.9 

15 

10 

5 

94.6 

Third  period :  Herd  L,  standard  ration ;  Herd  II.,  cotton-seed  meal  ration. 


Herd  I 

Herd  II 

10 
10 

36.0 
35.9 

24.1 
24.4 

15 
15 

10 
10 

5 
6 

90.1 
90.3 

Standard  score,   . 

- 

45.0 

25.0 

15 

10 

5 

100.0 
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Mr.  Gude's  notes  concerning  the  different  samples  are  as 
follows  :  First  period  :  flavor,  "  fair  aroma,"  "  fairly  clean," 
"  oily  taste  ;  "  body,  "  short  and  breaks  easily,  seems  brittle," 
"  shghtly  short  and  brittle."  Second  period  :  flavor.  Herd  I., 
"  fairly  clean,  lacks  aroma,"  "  defective  ;  "  Herd  II.,  "  clean 
and  fine;  "  body.  Herd  I.,  "  brittle,  short,  seems  light  and 
spongy,  trifle  salvy  ;  "  Herd  II.,  "  all  right."  Third  period  : 
flavor.  Herd  L,  "fairly  clean,  but  lacks  aroma,"  "slight 
taints;"  body,  Herd  I.,  "spongy  when  soft,  short  and 
crumbles  when  hard;"  Herd  II.,  "perfect,"  "short  when 
soft,    crumbles  when  hard,"  "  salvy  to  taste." 

Average  Degree  of  Penetration  (Millimeters) . 


HERDS. 

First 
Period. 

Second 
Period. 

Third 
Period. 

Herd  I 

Herd  II . 

4.8 
4.9 

4.9 
6.7 

5.4 
5.8 

Our  own  deductions,  based  on  the  score  and  remarks  of 
Mr.  Gude  and  the  degree  of  penetration  concerning  this  ex- 
periment, are  as  follows :  The  tendency  of  the  standard 
ration  was  to  make  butter  with  a  firm  body  and  likely  to 
crumble.  It  seemed  also  to  produce  at  times  a  slight  oily  or 
defective  flavor.  The  hardness  is  probably  due  to  the  oats, 
and  possibly  the  oily  flavor  to  the  oil  of  the  oats.  The  King 
gluten  meal  seemed  to  produce  a  butter  very  satisfactory  to 
Mr.  Gude.  He  gave  it  an  average  score  of  94.6,  spoke  of 
its  flavor  as  clean  and  fine  and  of  its  body  as  perfect.  The 
degree  of  penetration  shows  it  to  be  a  softer,  more  yielding 
butter  than  that  produced  by  the  standard  ration.  This  con- 
dition is  probably  brought  about  by  the  corn  oil.  Butters 
of  this  consistency  are  objected  to  by  some.  It  is  our  inten- 
tion soon  to  feed  corn  gluten  without  oil,  and  the  same  with 
diff"erent  quantities  of  oil. 

The  cotton-seed  ration  produced  butter  of  about  the  same 
quality  and  condition  as  the  standard  ration.  Mr.  Gude 
spoke  of  it  as  lacking  aroma  and  having  a  slight  taint,  and 
of  being  rather  spongy  when  soft  and  crumbling  when  hard. 
This  butter  is  firmer  than  the  Kinoj  gluten  butter.     It  would 
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be  of  interest  to  note  the  influence  of  the  cotton-seed  protein 
and  the  cotton-seed  oil  separately  on  the  butter,  and  we 
hope  to  carry  out  such  experiments. 

It  is  clear,  from  our  several  experiments,  that  food  does 
influence  to  a  noticeable  degree  the  composition  of  the  butter 
fat  and  the  body  of  the  butter.  It  seems  also  to  influence 
the  flavor ;  to  what  extent,  as  compared  with  the  influence 
produced  by  bacteria,  is  not  quite  clear.  This  matter  is 
being  given  further  study. 


B.  — THE    COMPOSITION,    DIGESTIBILITY    AND    FEEDING 
VALUE   OF  BARNYARD   MILLET   {Panicum  crus-galli). 

J.  B.  LINDSEY. 

Conclusions. 

1.  Barnyard  millet  is  a  warm- weather  plant,  similar  in 
this  respect  to  Indian  corn. 

2.  As  harvested  in  early  blossom,  the  fodder  contains  less 
nitrogen-free  extract  matter,  more  fibre  or  woody  matter, 
and  rather  more  ash  than  corn  fodder.  The  seed  resembles 
the  cereals  (especially  oats)  in  composition.  It  contains 
considerable  more  fibre,  rather  more  ash  and  5  to  6  per  cent, 
less  extract  matter  than  maize. 

3.  Barnyard  millet,  grown  on  naturally  moist  and  fertile 
land,  will  probably  yield  as  much  dry  matter  per  acre  as 
corn. 

4.  It  has  less  nutritive  value  than  the  corn,  the  principal 
reason  for  this  being  that  the  corn  can  partially  mature  its 
grain  and  still  be  readily  eaten  by  animals,  while  the  millet 
must  be  cut  when  in  blossom  to  secure  it  in  the  most  de- 
sirable condition  for  feedino;. 

5.  It  is  not  suitable  for  hay,  and,  while  it  makes  a  fairly 
satisfactory  silage,  it  is  inferior  to  maize  as  a  silage  crop. 

6.  It  furnishes  a  desirable  green  feed,  especially  during 
the  month  of  August,  and  it  is  for  this  pu7'pose  that  it  can 
be  most  satisfactorily  utilized. 

7.  The  millet  can  be  used  for  silage  in  place  of  corn 
whenever  it  is  not  convenient  or  possible  to  grow  the  latter. 


122  HATCH  EXPERIMENT   STATION.         [Jan. 

Preliminaet  Statement. 
During  the  last  ten  years  the  attention  of  farmers  has  been 
frequently  called  to  the  value  of  several  varieties  of  Japanese 
millets.*  Experiments  have  demonstrated  the  Panicum 
crus-galli — now  termed  barnyard  millet  —  to  be  the  most 
useful  Japanese  variety  for  fodder  purposes ;  and  this  de- 
partment has  endeavored  to  ascertain,  by  experiment  and 
observation,  its  relative  value,  as  compared  with  other  mate- 
rials of  similar  character,  as  a  food  for  dairy  animals.  The 
term  barnyard  millet  has  been  adopted  as  its  common  name, 
for  the  reason  that  it  appears  to  be  a  cultivated  and  improved 
variety  of  the  common  barnyard  grass.  The  information 
given  below  is  not  meant  to  be  an  exhaustive  treatise  on  the 
subject,  but  rather  a  bringing  together  of  data  already  at 
hand  concerning  the  nutritive  value  and  practical  utility  of 

the  plant. 

(a)     Character  of  the  Millet. 

This  variety  of  millet  is  a  coarse-growing  form,  with  a 
comparatively  heavy  leafage  and  compact  beardless  heads. 
When  headed  out  it  stands  from  four  to  six  feet  in  height, 
and  rarely  lodges.  It  is  a  warm-weather  plant,  similar  to 
corn,  and  makes  a  very  rapid  growth  when  the  temperature 
is  high.  Sown  the  middle  of  May,  it  begins  to  head  about 
August  1,  the  time  varying  a  little,  depending  on  weather 
conditions.  After  the  heads  appear  it  becomes  w^oody,  and 
proportionately  less  valuable  for  fodder  purposes.  It  will 
not  endure  dry  weather  as  well  as  corn,  and  succeeds  best 
upon  moist  land  in  a  good  state  of  fertility.  If  cut  when  it 
begins  to  bloom,  a  second  crop  may  be  frequently  secured, 
but  it  is  apt  to  be  small  in  quantity  and  coarse  in  quality. 

(p)     Composition  of  Green  Millet. 
Numerous  analyses  of  this  material  have  been  made,  the 
more    recent   ones   by  this   department  being  tabulated  as 
follows  :  — 

*  See,  in  the  different  reports  of  the  Massachusetts  Agricultural  College  and 
Hatch  Experiment  Station,  the  articles  by  Prof.  W.  P.  Brooks,  to  whom  we  are  in- 
debted for  the  introduction  of  these  fodder  plants.  See  also  Farmers'  Bulletin,  101, 
published  by  the  United  States  Department  of  Agriculture,  on  millets. 
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/.      Water- free  Material  {Per  Gent.). 


Water. 

Ash. 

Protein. 

Fibre. 

Nitrogen- 
free 
Extract. 

Fat. 

(a)  First  week  of  blossom,* 
(6)  Second  week  of  blossom,*   . 

(c)  Well  headed,!        .... 

(d)  Beginning  to  head,! 

- 

7.84 

8.59 

10.18 

8.36 

8.44 
11.00 
10.73 

6.77 

32.06 
35.03 
34.48 
36.69 

49.92 
43.65 
43.05 
46.78 

1.74 
1.73 
1.56 
1.40 

Average, 

Corn  fodder  for  comparison, J     . 

- 

8.74 
5.20 

9.23 
9.70 

34.56 
21.30 

45.85 
60.60 

1.62 
3.20 

*  (a)  and  (b)  grown  in  same  year  on  same  plot. 

t  (c)  and  ((?)  grown  in  different  years. 

X  Flint  varieties,  average  forty  analyses,  Jenkins'  and  Winton's  tables. 


II.     Average  Results, 

Natural  Moisture  {Per  Gent.). 

Water. 

Ash. 

Protein. 

Fibre. 

Nitrogen- 
free 
Extract. 

Fat, 

Millet, 

Corn 

80.00 
79.80 

1.75 
1.10 

1.85 
2.00 

6.91 
4.30 

9.17 
12.10 

.32 
.70 

As  is  to  be  expected,  the  different  samples  of  millet  vary 
somewhat  in  composition,  depending  upon  the  stage  of 
growth,  weather  conditions,  fertility  of  land  and  possible 
errors  in  sampling.  The  natural  tendency  is  for  the  fibre 
to  increase  as  the  plant  approaches  maturity. 

Of  the  total  crude  protein  in  sample  (d)  (6.77  per  cent.), 
6.02  per  cent,  was  found  to  exist  as  true  albuminoids  and 
.75  per  cent,  in  the  form  of  amids.  The  amids  thus  repre- 
sented 12.46  per  cent,  and  the  albuminoids  87.54  per  cent, 
of  the  matter  calculated  as  crude  protein.  This  is  what 
might  be  expected  in  immature  material  of  this  character. 
The  same  sample  showed  22.46  per  cent,  of  pentosans,  rep- 
resentino;  about  one-half  of  the  non-nitroo:enous  extract  mat- 
ter.  It  is  quite  probable,  however,  that  a  small  quantity  of 
the  total  pentosans  still  remained  in  the  crude  fibre  and 
could  not  be  counted  as  extract. 

When  the  analysis  of  the  millet  is  compared  with  that  of 
corn  fodder,  on  the  basis  of  dry  matter,  one  striking  differ- 
ence is  noted,  namely,  that  the  fibre  is  much  in  excess  in  the 
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millet,  and  the  nitrogen-free  extract  matter  correspondingly 
less.  The  millet  naturally  develops  relatively  more  woody 
matter  than  the  corn,  and  for  this  reason  it  is  necessary  to 
cut  the  millet  for  feeding  purposes  while  in  blossom.  If 
allowed  to  grow  until  the  seed  is  developed,  the  straw  is 
hard  and  woody,  and  quite  unsatisfactory  for  feeding.  Corn 
fodder,  the  analysis  of  which  is  given  above,  is  supposed  to 
be  rather  thickly  seeded  corn,  with  ears  more  or  less  devel- 
oped, and  probably  cut  late  in  August.  It  is  an  advantage 
to  allow  the  corn  fodder  when  fed  green  to  grow  until  it  has 
reached  the  above  stage,  for  the  reason  that  its  digestibility 
and  palatability  are  not  appreciably  decreased,  while  the 
nutritive  value  is  considerably  enhanced  because  of  the  ear 
development.  The  character  also  of  the  extract  matter  in 
the  two  fodders  is  not  the  same,  the  corn  having  a  consider- 
able amount  of  the  valuable  starch,  which  is  practically  lack- 
ing in  the  millet.  The  principal  difference,  then,  from  a 
chemical  stand-point,  between  these  two  plants,  consists,  in 
case  of  the  corn,  in  the  extra  percentage  of  nitrogen-free 
extract  matter  containing  considerable  quantities  of  starch, 
and  the  smaller  percentage  of  the  less  valuable  woody  fibre. 
The  protein  percentage  is  about  the  same.  The  millet 
shows  relatively  rather  more  ash  than  the  corn.  This  may 
be  due  to  the  fact  that  it  is  cut  at  an  earlier  stage  in  its 
growth.  From  the  comparative  chemical  analysis  of  the 
two  plants,  as  given  above,  one  would  naturally  expect  a 
greater  nutritive  effect  from  the  corn  than  from  the  millet. 

Composition  of  the  Ash  {Dry  Matter). 
Only  two  analyses  of  the  ash  of  the  millet  are  on  record. 
One   of  them    was  made    a   number    of  years  ago,   and  is 
very  incomplete ;  the  other  represents  a  recent  analysis  of 
sample  (d)  :  — 


SAMPLES. 

Crude 
Ash. 

Soluble 
Ash. 

Insoluble 
Ash. 

Calcium 
Oxide. 

Potassium 
Oxide. 

Phosphoric 
Acid. 

Unde- 
termined. 

Sample  (d), 
Earlier  sample,  . 
Green  corn,* 

8.36         6.33 
6.12         5.00 

2.03 
1.12 

.96 
782 

3.70 
1.96 
2.18 

.52 

.44 
.60 

1.15 

From  Wolff  tables,  given  for  comparison;  exact  stage  of  growth  unknown. 
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The  amount  of  the  several  ash  constituents  will  of  course 
vary,  depending  upon  the  state  of  growth,  soil  moisture  and 
fertility.  The  above  figures  are  not  sufficient  to  enable  one 
to  form  any  very  correct  idea  of  the  mineral  constituents  of 
the  plant ;  they  indicate,  however,  that  the  millet  takes  con- 
siderable quantities  of  mineral  constituents  from  the  soil, 
especially  potash,  and  fully  as  much  as  Indian  corn  at  a  cor- 
responding stage  of  growth. 

Composition  of  the  Seed. 


SAMPLES. 

Water. 

Ash. 

Protein. 

Fibre. 

Nitrogen- 
free 
Extract. 

Fat. 

Millet  seed  (1898) 

n.47 

2.81 

9.44 

7.69 

65.20 

3.39 

Millet  seed  (earlier),    .... 

10.30 

3.10 

12.30 

7.70 

60.90 

5.70 

Average  of  both  samples,    . 

10.88 

2.96 

10.87 

7.69 

63.05 

4.55 

Oats  for  comparison,*  .... 

11.00 

3.00 

11.80 

9.50 

59.70 

5.00 

*  Jenkins's  and  Winton's  tables,  average  30  samples. 

The  millet  seed  resembles  oats  very  closely  in  composition. 
The  protein  and  fibre  are  a  trifle  higher  in  the  oats,  and  the 
nitrogen-free  extract  correspondingly  lower. 


Composition  of  Millet  Silage  (Natural  Moisture) , 


Number 
Analyses. 

Water. 

Ash. 

Protein. 

Fibre. 

Nitrogen- 

free- 
Extraet. 

Pat. 

Millet 

3 

74.0 

2.40 

1.70 

7.50 

13.60 

.80 

Millet  and  soy  beans,*  . 

9 

79.0 

2.80 

2.80 

7.20 

7.20 

1.00 

Millet  and  soy  beans,!   . 

2 

81.0 

2.21 

2.04 

6.66 

7.44 

.65 

Corn  and  soy  beans,* 

4 

76.0 

2.40 

2.50 

7.20 

11.10 

.80 

Corn  and  soy  beans, f     . 

1 

75.0 

1.80 

2.35 

7.06 

13.19 

.60 

Corn  silage  for  comparison, J 

99 

79.1 

1.40 

1.70 

6.00 

11.00 

.80 

Dry  Matter. 

Millet 

3 

- 

9.24 

6.50 

28.80 

52.36 

3.10 

MiUet  and  soy  beans,     . 

11 

- 

13.06 

12.91 

34.40 

35.07 

4.56 

Corn  and  soy  beans. 

5 

- 

9.42 

10.20 

29.63 

47.59 

3.14 

Corn  silage  for  comparison. 

99 

- 

6.60 

8.00 

28.70 

53.00 

3.70 

*  Previous  to  1897 ;  approximately  two-thirds  millet  or  corn  and  one-third  bean, 
t  Buring  1897.  J  Jenkins's  and  Winton'a  tables. 
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The  millet  silage  and  the  corn  silage,  so  far  as  the  above 
figures  are  concerned,  show  no  great  analytical  differences. 
It  must  not  be  forgotten,  however,  that  the  non-nitrogenous 
extract  matter  of  the  corn  contains  a  considerable  amount  of 
starch,  which  fails  in  the  millet.  The  mixtures  made  from 
millet  and  corn,  with  soy  beans,  were  not  perfect.  The 
object  was  to  add  one-third  beans  and  two-thirds  corn  in 
putting  the  materials  into  the  silo,  but  this  was  done  only 
by  loads  of  material  and  not  by  actual  weight.  The  analyt- 
ical results  on  the  basis  of  dry  matter  are  about  what  might 
be  expected ;  namely,  an  increase  in  the  protein  percentage 
and  a  decrease  in  the  extract  matter  in  each  case,  when  com- 
pared with  millet  or  corn  silage.  One  notes,  however,  more 
extract  matter  in  the  corn  and  bean  than  in  the  millet  and 
bean  silage.  The  protein  and  ash  are  higher  in  the  millet 
and  bean  than  in  the  corn  and  bean  silage.  This  condition 
is  satisfactorily  explained  on  the  ground  that  the  millet  and 
bean,  being  cut  at  an  earlier  stage  than  the  corn  and  bean, 
would  naturally  contain  relatively  more  ash  and  protein  and 
less  extract  matter. 

The  Digestibility  of  Millet. 
The  following  figures  represent  the  digestibility  of  the 
different  ingredients  of  millet,  and  were  obtained  by  the  use 
of  sheep  at  this  station.  The  numbers  mean  that,  of  the 
total  amount  of  ash,  protein,  etc.,  contained  in  the  millet, 
such  and  such  amounts  or  percentages  were  digested.  Thus, 
if  green  millet  contains  6.91  per  cent,  of  fibre,  73  per  cent, 
of  it  is  digestible,  or  6.91x73^5.04  per  cent. 
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CHARACTER  OF  MATERIAL. 

a 
2 

■°  9 

r 

a 
m 

1 
0 

< 

a 

'S 

o 
u 

2 

IB 

to 

*f-l 
CI 
a 

2§ 

Green  millet,  early  to  late  blosBom,  . 

1 

3 

71 

64 

69 

73 

72 

63 

Dent  corn  fodder  (in  milk)  for  comparison,     . 

3 

9 

70 

- 

61 

64 

76 

78 

Millet  hay,  full  blossom,*   . 

1 

3 

57 

63 

64 

61 

52 

46 

Millet  hay,  full  blossom.f  . 

1 

2 

56 

24 

31 

63 

55 

50 

Timothy  hay  for  comparison, 

12 

26 

57 

- 

48 

52 

63 

60 

Millet  silage  for  comparison, { 

- 

- 

- 

- 

- 

- 

- 

- 

Millet  and  soy  bean  silage, . 

1 

4 

59 

- 

57 

69 

59 

72 

Corn  and  soy  bean  Bilage,§  . 

1 

3 

69 

- 

65 

65 

75 

82 

Oorn  silage  for  comparison, || 

- 

10 

71 

30 

56 

70 

76 

82 

*  Same  plot  as  green  material  previously  given, 
t  Panicuni  italicum,  — a  different  species  of  Japanese  millet. 
%  No  digestion  tests  have  been  made. 

§  Pride  of  North  corn  (dent)  and  medium  green  soy  beans,  two-thirds  former  and  one- 
third  latter,  in  excellent  condition. 
II  Average  dent  and  flint. 

The  green  millet  appears,  from  the  figures  at  our  disposal, 
to  be  as  digestible  as  the  fodder  corn. 

The  millet  hay  shows  a  very  much  less  degree  of  digesti- 
bility than  the  same  material  green.  Generally  speaking, 
the  mere  withdrawal  of  the  water  is  not  supposed  to  affect 
digestibility,  and  this  is  likely  to  be  the  case  with  young  and 
tender  plants  and  with  grains  that  can  be  ground  fine.  In 
the  case  of  coarse,  woody  plants  the  reverse  is  likely  to  be 
true.  The  hardening  of  the  woody  stalks  in  the  curing  proc- 
ess, and  the  less  perfect  mastication  resulting,  in  all  prob- 
ability are  the  most  important  factors  in  bringing  about  this 
apparent  result.  We  hope  to  make  other  experiments  to 
still  further  prove  this  point.  Unfortunately,  no  figures  are 
on  hand  for  the  millet  silage.  The  corn  and  bean  silage 
shows  about  10  per  cent,  more  total  digestible  matter  than 
the  millet  and  bean  silage.  The  extract  matter  of  the  former 
is  noticeably  more  digestible.  The  high  degree  of  digesti- 
bility of  the  extract  matter  of  the  corn  and  bean  silage  is 
explained  when  one  remembers  the  considerable  amount  of 
corn  grains  present.     Corn  and  soy  bean  silage,  as  shown 
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by  this  experiment,  appears  to  be  nearly  as  digestible  as 
average  corn  silage,  and  the  protein  even  more  so. 

Multiplying  the  percentage  composition  of  the  millet,  as 
given  in  a  previous  page,  by  the  digestion  percentages  or 
coefficients  as  stated  above,  one  obtains  the  following  per- 
centages digestible  in  one  hundred  :  — 

[Figures  equal  percentages,  or  pounds  in  100  digestible.] 


Fbesh 

OK  Air-dry 

Material. 

Dry  Matter. 

CHARACTER  OF 
MATERIAL. 

'3 

2 

Cm 

6 

0) 

a  o 

as 

2^ 

.■SH 

« 

f^ 

a 
"S 

2 

Eh 

2h 

1 

Green  millet 

14.20 

1.28 

5.04 

6.60 

.20 

6.37 

25.23 

33.01 

1.02 

Green  corn,  fodder, 

14.14 

1.22 

2.75 

9.19 

.55 

5.91 

13.63 

46.06 

2.50 

Millet  hay,        .... 

48.45 

5.02 

17.91 

20.25 

.63 

5.90 

21.08 

23.84 

.73 

Timothy  hay  for  comparison, 

49.00 

4.10 

14.70 

27.20 

1.10 

4.80 

17.10 

31.60 

1.30 

Millet  and  soy  bean  Bilage,     . 

12.15 

1.51 

4.90 

4.27 

.68 

7.36 

23.74 

20.69 

3.28 

Corn  and  soy  bean  silage. 

16.70 

1.60 

4.66 

8.64 

.62 

6.63 

19.26 

35.69 

2.57 

Corn  silage  for  comparison,  . 

14.84 

.95 

4.20 

8.44 

.66 

4.48 

20.09 

40.28 

3.12 

Millet  hay  is  assumed  to  contain  15  per  cent,  of  water  and 
timothy  hay  14  per  cent.  It  is  doubtful  if  the  water  content 
of  the  millet  could  be  brought  as  low  as  15  per  cent. 

The  above  figures  tell  the  same  story  as  those  represent- 
ing the  composition  of  the  several  materials,  namely,  the 
excess  of  fibre  and  the  lack  of  extract  matter  in  the  millet, 
as  compared  with  the  corn.  While  the  green  millet  appears 
to  be  as  digestible  as  the  green  corn,  there  is  more  digestible 
fibre  in  the  millet  and  correspondingly  less  digestible  extract 
matter.  The  corn  silage  shows  rather  less  digestible  protein 
than  the  millet  and  bean  silage,  and  nearly  twice  as  much 
digestible  extract  matter.  There  is  not  a  great  deal  of 
diff'erence  between  the  corn  and  bean  silage  and  the  corn 
silage,  excepting  the  increased  amount  of  protein  in  the 
former. 
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Utility  of  Barnyard  Millet. 

Yield  per  A.cre.  — The  millet  is  a  heavy  yielder  of  green 
fodder;  from  12  to  18  tons  per  acre  have  been  grown  upon 
the  college  farm,  on  naturally  moist  land  in  good  condition, 
while  as  high  as  35  tons  per  acre  have  been  reported  by  out- 
side parties.  Our  own  experience  has  shown  it  to  yield 
from  12  to  14  tons  per  acre  upon  medium  loam  in  good  state 
of  fertility,  but  not  naturally  very  retentive  of  moisture. 
Such  quantities,  however,  were  produced  without  the  millet 
appearing  to  suffer  from  lack  of  water ;  and  it  is  believed 
that  this  amount  is  a  conservative  estimate  of  its  productive- 
ness, unless  the  land  is  especially  moist,  warm  and  fertile. 
If  the  millet  is  planted  in  drills  15  inches  apart  and  allowed 
to  mature,  it  will  yield  about  60  bushels  of  seed  per  acre,  of 
an  average  weight  of  35  pounds  per  bushel.  When  sown 
broadcast,  90  bushels  per  acre  have  been  reported. 

Millet  as  a  Soiling  Crop.  — For  use  as  a  soiling  crop,  the 
seed  should  be  sown  broadcast  and  harrowed  in  May  10 
to  15,  at  the  rate  of  12  quarts  per  acre.  The  fodder  will 
be  ready  to  cut  August  1  or  a  few  days  earlier.  It  is 
wise  to  begin  cutting  before  the  heads  appear,  and  to  con- 
tinue for  twelve  days.  It  cannot  be  cut  to  advantage  for  a 
much  longer  period,  for  the  reason  that  after  it  is  well  headed 
it  becomes  tough  and  woody,  and  the  animals  refuse  a  portion 
of  it.  In  order  to  secure  green  millet  feed  during  the  entire 
month  of  August,  a  second  seeding  can  be  made  June  1 ,  and 
a  third  about  June  20.  If  green  feed  of  this  character  is 
desired  in  September,  later  seedings  are  necessary.  We 
have  found  it  advantageous  to  sow  peas  with  the  first  seed- 
ing of  millet,  at  the  rate  of  one  and  one-half  bushels  of 
Canada  peas  together  with  six  quarts  of  millet  per  acre. 
The  peas  are  first  deeply  harrowed  in,  and  the  millet  covered 
with  a  tooth  harrow.  If  the  weather  should  prove  cool  dur- 
ing May  and  June,  the  peas  are  likely  to  get  ahead  of  the 
millet,  but  the  latter  catches  up  as  the  warm  weather  comes 
on.  This  pea  and  millet  mixture  makes  a  desirable  green 
feed.     No  experiments  have  been  made  to  measure  the  feed- 
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ing  value  of  green  millet  for  milk  production,  for  the  reason 
that  the  time  in  its  growth  when  it  is  available  is  too  short 
to  secure  any  very  reliable  data.  We  have  fed  the  green 
millet  to  the  station  herd  during  the  first  three  weeks  of 
August  for  a  number  of  years.  During  thie  first  week  of  the 
cutting  the  animals  eat  it  well,  but  the  second  week  a  con- 
siderable portion  of  the  stems  remain  unconsumed.  Millet 
acts  as  a  laxative  as  well  as  a  diuretic,  and  it  is  not  ad- 
visable to  feed  it  as  the  entire  source  of  coarse  fodder.  Fed 
in  this  way,  we  have  observed  that  the  bowels  become  very 
loose,  the  animals  soon  refuse  to  eat  above  60  pounds  per 
day,  and  they  lose  in  flesh  and  milk  production.  When 
they  are  fed  entirely  in  the  barn  or  yard,  10  pounds  of  hay 
per  day,  together  with  what  green  millet  they  will  eat,  is  a 
desirable  quantity.  This  usually  amounts  to  about  50  or  60 
pounds  of  millet  daily.  When  animals  run  in  pastures,  a 
supplementary  feeding  of  green  millet  at  night  is  quite 
helpful. 

From  our  observations  we  prefer  corn  fodder  to  millet  as 
a  green  feed,  because  more  milk  is  secured  and  the  animals 
tend  to  keep  in  better  condition.  The  corn  fodder  can  be 
fed  for  a  longer  period  than  the  millet,  and,  being  more  or 
less  eared,  its  nutritive  value  is  thereby  enhanced.  Millet, 
on  the  other  hand,  has  the  advantage  of  requiring  less  labor 
to  grow  than  corn,  as  after  it  is  once  sown  it  requires  no 
further  attention  until  ready  to  cut. 

Millet  as  a  Hay  Crop. — Brooks,*  a  number  of  years 
since,  called  attention  to  the  fact  that,  although  the  yield  of 
hay  was  from  3  to  6  tons  per  acre,  the  difficulty  of  properly 
curing  it  was  such  that  the  millet  could  not  be  very  satis- 
factorily utilized  as  a  hay  crop.  We  can  simply  confirm 
this.  The  coarseness  of  the  fodder  renders  it  very  difficult 
to  eliminate  sufficient  of  the  water  to  enable  the  hay  to  keep 
well  unless  several  extra  hay  days  follow  one  another ;  the 
hay  therefore  is  likely  to  become  musty  and  consequently 
unsatisfactory  for  feeding,  and  the  farmer  cannot  depend 
upon  it  as  a  rule  to  furnish  him  with  any  considerable 
amount  of  dry  fodder. 

*  Loco  citato. 
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Millet  as  a  Grain  Crop. — According  to  Brooks,*  the 
birds  have  a  o-reat  likino;  for  the  seed  and  it  is  therefore 
difficult  to  harvest  without  loss.  The  yield  of  one  ton  to 
the  acre  is  small,  as  compared  with  an  average  crop  of  corn. 
Brooks  and  Smith  fed  millet  meal  to  four  dairy  cows,  com- 
paring it  to  an  equal  quantity  of  ground  oats,  and  noted  no 
difference  in  the  results  (experiment  not  published) .  The 
cost  of  threshing  the  grain  is  to  be  considered,  and  the  straw 
would  be  quite  inferior  to  corn  stover  for  fodder  purposes. 
It  does  not  seem  probable  that  the  grain  could  be  made  an 
economic  feed  for  farm  animals. 

Millet  for  Silage.  —  Millet  makes  a  very  fair  silage,  but, 
as  a  result  of  the  writer's  experience,  it  is  not  considered 
equal  to  maize.  So  far  as  known,  there  are  no  exact  feeding 
experiments  on  record  comparing  these  two  plants  for  silage 
purposes.  It  lacks  the  large  quantity  of  digestible  starchy 
matter  which  the  corn  contains  in  the  form  of  the  grain.  It 
could  not  be  put  into  the  silo  after  it  had  ripened  its  seed,  as 
is  the  case  with  corn,  for  the  straw  would  then  be  dry  and 
tough,  and  the  seed  is  covered  with  a  hard  seed-coating. 
Our  observations  have  convinced  us  that  millet  silage  has 
less  nutritive  effect  than  corn  silage.  The  digestion  experi- 
ments with  millet  and  bean  silage,  as  compared  with  corn 
and  bean  silage,  confirm  this  opinion.  We  have  also  noticed 
that  animals  are  inclined  to  consume  a  larger  quantity  of 
corn  than  of  millet  silage,  especially  when  fed  for  a  consid- 
erable length  of  time.  "While  the  labor  involved  in  growing 
a  crop  of  millet  is  certainly  less  than  in  growing  a  crop  of 
corn,  the  extra  work  in  harvesting  the  former  for  the  silo 
makes  up  for  it,  at  least  to  a  considerable  degree.  If  for 
any  reason,  however,  the  corn  crop  should  fail,  and  millet 
could  be  advantageously  grown,  it  would  certainly  make  a 
very  desirable  substitute  for  the  former.  Millet  and  soy 
bean  silage  is  preferable  to  millet  silage,  from  a  nutritive 
stand-point ;  but  the  cost  of  growing  and  harvesting  the 
same  prevents  its  general  use. 

The  following  estimate  of  the  value  of  millets  on  the  farm 
is  made  in  Farmer's  Bulletin,  101,  already  referred  to,  and 

*  Loco  citato. 
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it  so  fully  expresses  the  writer's  estimate  of  the  utility  of 
barnyard  millet  that  it  is  quoted  in  full :  — 

On  the  whole,  it  is  doubtful  if  there  are  many  sections  in  this 
country  where  millets  should  be  made  a  primary  crop.  Their 
place  is  rather  that  of  a  supplementary  one,  —  a  "catch-crop," 
when  the  corn  has  been  destroyed  by  hail  or  otherwise ;  a  substi- 
tute for  corn,  where  that  crop  is  not  easily  grown  ;  a  crop  to  be 
grown  on  a  piece  of  land  that  might  otherwise  lie  idle  ;  a  readily 
available  crop  for  use  in  short  rotations  ;  an  excellent  thing  to 
grow  on  foul  land,  to  get  rid  of  weeds,  giving  practically  the  same 
results  as  fallowing  or  summer  cultivation,  and  in  addition  a  crop 
of  forage  ;  a  supplement  to  the  regular  and  permanent  pastures 
and  meadows.  It  is  in  such  ways  that  the  millets  are  most  valu- 
able on  the  average  farm,  and  such  is  the  place  they  should  be 
given  in  American  agriculture. 


C  — DRIED   DISTILLERY  GRAINS. 

What  They  are. — Dried  distillery  grains  consist  of  the 
residue  remaining  in  the  process  of  manufacturing  alco- 
hol, spirits  and  whiskey  from  the  several  cereals.  Briefly 
stated,  the  process  consists  in  grinding  the  various  grains 
employed  and  heating  them  with  a  solution  of  malt,  thus 
converting  the  starch  into  sugar.  The  addition  of  yeast 
converts  the  sugar  into  alcohol,  which  is  then  distilled,  and 
the  residue  or  distillery  slop  is  filtered,  dried  in  especially 
constructed  driers  and  put  upon  the  market  as  a  cattle  food. 
It  consists  chiefly  of  the  hulls,  germ  and  protein  of  the 
grains.  It  has  a  more  or  less  sour  taste  and  smell,  because 
of  the  fermentation.  If  the  slop  remains  undried  too  long, 
this  sour  condition  is  increased.  Well-informed  parties 
state  that  the  quality  of  the  dried  grains  depends,  in  the 
first  place,  upon  the  composition  of  the  distillers'  mashes 
(e.^.,  the  kinds  and  proportions  of  the  grains  employed)  ; 
secondly,  upon  the  distillers'  mode  of  mashing  and  ferment- 
ing ;  and,  thirdly,  somewhat  upon  the  process  of  drying. 
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How  They  may  he  classified.  —  The  dried  grains  may  be 
classified  as  follows,  depending  upon  the  source  from  which 
they  are  derived  :  — 

A.-     Alcohol  and  spirits  grains. 

B.  Bourbon  whiskey  grains. 

C.  Rye  whiskey  grains. 

The  grains  produced  from  alcohol  and  spirits  distilleries 
are  the  highest  in  quality,  and  of  the  most  uniform  grade. 
Corn  is  practically  the  only  grain  used. 

The  grains  produced  by  whiskey  distilleries  vary  accord- 
ing to  the  proportion  of  corn,  rye  and  malt  contained  in 
their  mashes.  The  larger  the  proportion  of  corn  and  the 
smaller  that  of  rye  and  malt  (small  grain,  so  called),  the 
higher  the  grade  of  dry  grains  produced.  Some  bourbon 
whiskey  distillers  use  very  little  "  small  grains,"  and  their 
product  stands  near  that  of  Class  A.  Many  make  bourbon, 
half  rye  and  pure  rye  whiskey  alternately  in  one  season, 
and  their  product  of  dried  grains  varies  in  quality  accord- 
ingly. Others,  especially  in  Pennsylvania  and  Maryland, 
produce  rye  grains  only. 

Their  Average  Oomposifion.  —  A  large  number  of  an- 
alyses of  Class  A  grains  are  said  to  show  an  average  of 
35.33  per  cent,  of  protein  and  11.25  per  cent,  of  fat. 

Class  B,  or  bourbon  whiskey  grains,  run  from  23.9  to 
38.06  per  cent,  of  protein  and  from  6.3  to  15  per  cent,  of 
fat. 

Class  C,  or  rye  grains,  show  from  17.85  to  24.28  per 
cent,  of  protein  and  from  5.04  to  7.5  per  cent,  of  fat, 
averaging  20.87  per  cent,  protein  and  6.32  per  cent.  fat. 

Where  manufactured.  —  The  grains  derived  from  spirits 
and  alcohol  are  manufactured  chiefly  in  Illinois  and  Indiana, 
those  from  bourbon  whiskey  in  Kentucky,  and  those  from 
rye  whiskey  in  Pennsylvania  and  Maryland.  All  grades 
are  produced  in  Ohio  and  Wisconsin. 

The  Yearly  Product.  —  According  to  the  last  annual  re- 
port of  the  commissioner  of  internal  revenue  (page  104), 
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there  were  used  in  the  distilleries  of  the  United  States  dur- 
ing the  fiscal  year  ending  June  30,  1900  :  — 


Bushels  com, 

Bushels  rye, 

Bushels  malt, 

Bushels  wheat, 

Bushels  oats, 

Bushels  barley, 

Bushels  mill  feed  and  other  materials. 

Bushels  grain  of  60  pounds, 


16,277,034 

4,070,861 

2,721,124 

27,225 

15,414 

1,328 

1,276 

23,114,262 


At  present  the  annual  output  of  distillers'  dried  grains  in 
this  country  is  less  than  40,000  tons  ;  but,  if  all  the  distillery 
slop  were  dried  by  perfect  machinery,  the  country  would 
produce  about  170,000  tons  yearly.  The  output  of  single 
distilleries  varies  from  iy2  to  40  tons  per  day.  Alcohol  and 
spirits  grains  are  produced  in  the  largest  establishments, 
which  are  generally  operated  throughout  the  year.  Bourbon 
and  rye  whiskey  grains  are  produced  in  smaller  distilleries, 
rarely  turning  out  more  than  5  tons  per  day,  and  they  are 
in  operation  only  between  November  and  July. 

Where  Distillers'  Grains  are  consumed.  —  Yery  few  grains 
have  been  thus  far  used  in  the  United  States,  they  being 
mostly  exported  and  consumed  in  Germany.  Statistics  of 
the  quantity  exported  have  been  lacking  until  recently, 
because  of  the  classification  employed.  The  export  of  dis- 
tillers' dried  grains,  brewers'  dried  grains  and  malt  sprouts, 
from  July  1  to  Oct.  31,  1900,  was  22,347  tons,  or  about 
5,600  tons  per  month.  How  much  of  this  is  distillers'  dried 
grains  is  a  trifle  uncertain.  It  is  estimated  that  the  exports 
from  July  to  October  consisted  of  about  50  per  cent,  brewers' 
dried  grains,  35  per  cent,  distillers'  dried  grains  and  15  per 
cent,  malt  sprouts  ;  that  from  January  1  to  June  30  distillers' 
grains  will  predominate,  and  that  the  total  export  of  the 
latter  will  amount  to  about  28,000  tons  during  the  present 
fiscal  year.* 


*  For  the  larger  part  of  the  above  information  we  are  indebted  to  the  J.  W.  Biles 
Company,  Cincinnati,  0. 
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We  understand  it  is  the  intention  to  introduce  this  material 
in  our  eastern  markets.  Our  inspectors  have  ah^eady  noticed 
it  occasionally.  For  convenience  in  distinguishing  the  dif- 
ferent qualities,  the  sellers  have  divided  the  various  products 
into  five  grades,  namely,  "R,"  "X,"  "XX,"  "XXX "and 
"XXXX."  Those  marked  "E"  are  lowest  in  protein  and 
fat,  and  those  marked  "  XXXX  "  highest.  Some  two  years 
since,  this  department  secured  several  tons  of  these  grains. 
They  were  analyzed,  tested  for  digestibility  and  fed  to  milch 
cows. 

Composition  of  Distillers'  Grains. 


CONSTITUENTS. 

Brand 

Brand 
"X." 

Brand 
"XX." 

Brand 
"XXX." 

Brand 
"XXXX." 

Water, 

7.00 

7.00 

7.00 

7.00 

7.00 

Protein, 

16.67 

29.76 

26.20 

30.01 

35.46 

Fat, 

5.68 

10.88 

9.77 

11.90 

10.04 

Extract  matter 

65.87 

40.89 

43.00 

38.69 

34.14 

Fibre 

12.74 

9.77 

11.53 

10.33 

11.63 

Ash 

2.04 

1.70 

2.50 

2.07 

1.73 

Total 

100.00 

100.00 

100.00 

100.00 

100.00 

The  several  grades  showed  between  7  and  8  per  cent,  of 
water ;  for  the  sake  of  uniformity,  they  were  all  calculated 
to  a  7  per  cent,  basis. 

The  sellers  state  that  the  markings  on  "  X  "  and  ' '  XX  " 
must  have  been  reversed,  as  the  "XX  "  grains  should  show 
a  higher  percentage  of  protein  than  those  marked  "X." 
The  "R"  grains,  as  the  sellers  claim,  are  the  poorest  in 
composition,  showing  in  this  particular  lot  16.67  per  cent, 
of  protein  and  5.68  per  cent,  of  fat, — about  equal  to  the 
amounts  found  in  wheat  bran.  The  others  gradually  increase 
in  these  two  ingredients,  the  "XXXX"  showing  35.46  per 
cent,  of  protein  and  10.04  per  cent,  of  fat.  The  fibre  is 
not  excessive,  being  from  2  to  4  per  cent,  more  than  in  bran. 
The  analyses  show  these  materials  to  be  valuable  feeding 
stufi's  and  worthy  of  the  attention  of  feeders,  providing  they 
are  sold  on  a  guaranty.  The  sellers  state  that  a  guaranty 
will  always  accompany  the  difi'erent  grades. 
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Digestibility  of  Distillers'  Grains. 

Digestion  tests  were  made  with  sheep,  and  the  following 
co-efficients  obtained :  — 


CONSTITUENTS. 

Brand 

Brand 
"X." 

Brand 
"XX." 

Brand 
"XXX." 

Brand 
"XXXX " 

Average, 

excepting 

Brand  "  R." 

Total  dry  matter, 

58 

87 

84 

76 

77 

81 

Protein, 

59 

73 

77 

74 

71 

74 

Fat,      .... 

84 

93 

95 

93 

96 

94 

Extract  matter,  . 

67 

89 

84 

75 

79 

82 

Excepting  the  "R"  brand,  these  materials  show  relatively 
high  digestibilities,  with  comparatively  small  variations.  In 
the  last  column  is  given  an  average  of  the  four-  "  X " 
brands,  which  may  represent  the  average  digestibility  of  dis- 
tillery grains  made  largely  from  corn. 

Multiplying  the  composition  by  the  percentages  digestible, 
one  obtains  the  j)ercentage  or' pounds  in  100  digestible:  — 


constituents. 

Brand 
"R." 

Wheat  Bran 

for 
Comparison. 

53.94 

54.29 

Dry  matter  contalnB  : 

- 

9.84 
4.77 
37.43 

12.60 

Pat     .                 .        • 

3.20 

35.40 

Organic  nutrients  (excl 

iiding  fibre)  digestible,   . 

52.04 

51.20 

The  "  R  "  brand  appears  to  contain  about  the  same  quan- 
tity of  digestible  nutrients  as  does  wheat  bran.  The  latter 
contains  rather  more  protein,  and  a  trifle  less  fat  and  extract 
matter  digestible  than  the  former. 
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CONSTITUENTS. 

Brand 
"X." 

Brand 
"XX." 

Brand 
"XXX," 

Brand 
"XXXX." 

Gluten  Feed 

for 
Comparison.* 

Dry  matter 

80.91 

78.12 

70.68 

71.61 

77.28 

Dry  matter  contains  :  — 
Protein,      .        .        . 

Fat, 

Extract  matter, 

21.72 
10.12 
36.39 

20.17 

9.28 

36.12 

22.21 
11.07 
29.02 

27.30 

9.64 

26.96 

22.50 

3,30 

43.80 

Organic  nutrients,  excluding  fibre 
digestible. 

68.23 

65.57         62.30 

63.90 

69.60 

*  We  refer  to   such  well-known  brands  as  Buffalo,  Davenport,    Rockford,  being  the 
residue  from  the  glucose  factories. 

These  several  brands  are  quite  similar  in  digestible  in- 
gredients to  gluten  feed,  and  for  the  present  they  can  be 
considered  as  having  approximately  an  equal  value.  They 
have  noticeably  more  digestible  fat  and  less  digestible  ex- 
tract matter  than  the  latter.  They  are  likely  to  vary  more 
in  composition  from  time  to  time  than  the  regular  gluten 
feeds.  The  highest  grade  would  probably  contain  rather 
more  protein. 

Tests  with  Milch  Cows. 

We  were  not  in  a  position  at  the  time  to  carry  on  any  exact 
experiments  with  dairy  animals.  The  several  lots  of  grain 
were,  however,  fed  to  a  number  of  cows,  and  the  results 
were  as  good  as  one  would  naturally  expect.  The  animals 
ate  them  well,  receiving  3  or  4  pounds  daily,  mixed  with 
wheat  bran ;  the  milk  yield  was  satisfactory.  We  see  no 
reason  why  the  quality  of  the  milk  and  butter  should  not  be 
equal  to  that  derived  from  animals  fed  upon  corn  silage, 
dried  brewers'  grains,  etc.  It  would  probably  be  wise  not 
to  feed  such  materials  to  animals  when  the  milk  was  intended 
for  infant  feeding.  Should  these  grains  be  generally  intro- 
duced, it  would  be  advisable  to  note  particularly  their  in- 
fluence, if  any,  on  the  flavor  of  milk  and  butter. 

Several  years  since,  a  considerable  quantity  of  so-called 
Atlas  gluten  meal  was  sold  in  Massachusetts  and  Vermont. 
This  was  dry  distillery  grains,  sold  by  "a  distilling  company 
in  Peoria,  111.     It  was  not  accompanied  by  a  guaranty,  and 
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varied  from  22  to  36  per  cent,  of  protein.  It  has  not  been 
in  the  market  of  late.  Hills*  fed  this  material  (testing  35 
per  cent,  of  protein)  to  milch  cows,  and  secured  very  satis- 
factory results.  Its  effect  on  the  flavor  of  milk  and  butter 
was  not  mentioned,  and  we  can  assume  it  was  satisfactory. 
He  considered  it  the  cheapest  source  of  protein  in  Vermont 
markets  at  the  time. 


D.  — DIGESTION  EXPERIMENTS   WITH   SHEEP. 

These  experiments  were  made  during  the  winter  of  1898- 
99.  The  method  employed  was  the  usual  one,  as  described 
in  the  eleventh  report  of  the  Massachusetts  State  Experiment 
Station  for  1893.  The  full  data  will  be  published  at  another 
time.  By  digestion  coefiicients  is  meant  the  percentages  of 
protein,  fat,  etc.,  that  the  animal  is  capable  of  digesting. 
Thus,  if  wheat  bran  contains  16  per  cent,  of  protein,  or  16 
pounds  in  100,  and  the  percentage  digestible  or  digestion 
coefficient  is  78,  it  means  that  the  animal  can  digest  78  per 
cent,  of  the  16  pounds,  or  12.46  pounds. 

Description  or  Feed  Stuffs. 

Hay.  — This  hay  was  used  in  connection  with  the  several 
concentrated  feeds.  It  was  largely  Kentucky  blue  grass, 
with  a  small  admixture  of  red  clover.     It  was  cut  in  bloom. 

Meadow  Fescue.  —  This  was  grown  on  an  experimental 
plot,  on  land  in  an  average  state  of  fertility.  It  was  free 
from  weeds  or  other  grasses. 

Kentucky  Blue  Grass.  —  Same  conditions  as  for  meadow 
fescue. 

Tall  Oat  Grass.  —  Same  conditions  as  for  meadow  fescue » 

Distillery  Grains. — Fully  described  on  pages  132-138. 
The  digestibility  of  the  fibre  varied  to  such  an  extent  with 
the  diff"erent  sheep  that  no  digestion  coefficient  is  presented. 
It  seems  to  be  very  digestible  in  the  various  "X"  brands, 
possibly  75  or  more  per  cent. 

Oat  Feed.  —  This  food  consisted  of  the  refuse  from  the 
oatmeal  mills.     It  was  quite  an  inferior  sample  of  its  kind, 

*  Vermont  Experiment  Station  report,  1895,  p.  222. 
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containing  a  large  quantity  of  hulls.  The  sheep  digested 
only  one-third  of  it. 

Rye  Feed.  — This  material  is  a  mixture  of  rye  bran,  with 
a  considerable  quantity  of  fine  middlings. 

Chop  Feed.  — This  consists  of  the  hull,  bran  and  broken 
germs  of  Indian  corn,  and  is  one  of  the  residues  remaining 
in  the  manufacture  of  starch  and  glucose.  The  sheep  di- 
gested this  material  very  unevenly,  and  the  digestion  coeffi- 
cients given  represent  the  average  results  from  six  sheep. 
They  are  not  as  satisfactory  as  could  be  desired. 

Oleveland  Flax  Meal.  —  Linseed  meal,  with  the  oil  quite 
thoroughly  extracted  by  the  naphtha  process. 

Parsons'  ^'Six  Dollar"  Feed.  — Fully  described  on  pages 
141-142. 


Digestion  Coefficients  resulting  from  Digestion  Experiments. 


KIND  OF  FEED  STUFF. 


Ha 


3  <o 


3h 


Hay,  largely  June  grass  in  bloom  (poa  pra- 

tensis). 
Meadow  fescue,  full  bloom  {Festuca  elatior 

pratevsis). 
Kentucky  blue  grass,  full  bloom  {poa  pra- 

te.nsis). 
Tall  oat  grass,  late  bloom  {Arrhenatherum 

elatius). 
Distillery  grains,  Brand  "  R," 


Distillery  grains.  Brand  "X," 
Distillery  grains,  Brand  "  XX,"     . 
Distillery  grains,  Brand  "  XXX," 
Distillery  grains,  Brand  "XXXX," 
Oat  feed  (large  amount  hulls) , 
Rye  feed,    .... 
Chop  feed, .... 
Cleveland  flax  meal, .        . 
Parsons'  "  six  dollar"  feed. 


47 
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E.  — THE  COMPOSITION  OF  PURSLANE  (Porlulaca  oleracea). 
During  the  present  summer  this  department  received  a 
letter  from  a  Massachusetts  farmer  inquiring  concerning  the 
feeding  value  of  purslane.  He  stated  that  he  had  been 
feeding  it  to  his  cows,  and  had  noticed  a  decided  increase  in 
the  quantity  of  milk ;  and  that,  while  the  animals  at  first  re- 
fused to  eat  it,  they  soon  became  accustomed  to  it,  and  con- 
sumed considerable  quantities  daily.  At  the  time  we  had  no 
analysis  of  the  material  on  hand,  consequently  a  sample  was 
procured  and  examined.  Since  making  the  analysis,  we 
have  found  a  similar  analj'^sis  made  by  the  Indiana  station.* 
The  results  are  presented  below  :  — 


Q-BEEN   MaTEBIAL. 

WATEB-rBEB  MATERIAL. 

V    • 

O  o3 

a  03 

60  i3 

<a 

o  13 

© 

1 

"2 

2 

■2 
< 

£ 

^ 
f^ 

Massachusetts  station, 

90.90 

1.55 

2.28 

1.61 

3.42 

.24 

17.08 

25.11 

17.71 

37.44 

2.66 

Indiana  station,    , 

86.56 

2.23 

1.81 

2.12 

6.49 

.50 

- 

- 

- 

- 

- 

Com  fodder  for  comparison, 

79.80 

1.10   2.00 

4.30 

12.10 

.70 

5.20 

9.70 

21.30  60.60 

3.20 

The  analyses  show  that  the  plant  contains  a  very  large 
percentage  of  water,  mineral  constituents  and  nitrogenous 
matter  (protein). 

The  Missouri  station*  found  .29  per  cent,  of  nitrogen, 
.85  per  cent,  of  potash  and  .045  per  cent,  of  phosphoric 
acid  in  the  green  matter,  equivalent  to  approximately  2  per 
cent,  of  nitrogen,  6  per  cent,  of  potash  and  .3  per  cent,  of 
phosphoric  acid  in  dry  matter.  We  have  found  .37  per  cent, 
of  nitrogen,  equivalent  to  4.1  per  cent,  of  nitrogen  in  dry 
matter.  The  percentage  of  potash  present  in  the  Missouri 
sample  is  exceptionally  large.  The  plants  selected  by  us 
must  have  been  in  an  earlier  stage  of  growth  than  those  of 
the  Indiana  and  Missouri  stations,  for  both  the  water  and 
the  protein  content  are  very  high. 

•  Farmers'  Bulletin,  119,  Department  of  Agriculture. 
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The  above  results  show  that  purslane  takes  large  quanti- 
ties of  water,  nitrogen  and  potash  from  the  land,  and  must 
be  considered  a  o-peat  soil  exhauster. 

Plumb*  has  fed  purslane  to  pigs  with  quite  satisfactory 
results.  If  dairy  animals  can  be  induced  to  eat  it,  it  would 
quite  naturally  increase  the  flow  of  milk,  because  of  its  high 
protein  content.  Whether  it  would  produce  any  undesirable 
flavor  in  the  milk,  has  not  been  observed. 

It  being  a  most  objectionable  weed  where  clean  cultivation 
is  desired,  growing  and  spreading  with  wonderful  rapidity, 
and  being  at  the  same  time  a  large  consumer  of  plant  food, 
it  would  hardly  be  considered  a  desirable  fodder  crop  on 
most  farms.  Whether  it  has  any  special  ability  to  dissolve 
and  utilize  ordinarily  insoluble  plant  food,  has  never  been 
determined. 

Purslane  has  been  frequently  used  in  many  sections  as  a 
pot  herb,  being  cooked  in  a  similar  way  to  spinach,  etc.  It 
is  thus  highly  esteemed  by  many. 


F.  — PARSONS'  "SIX  DOLLAR"  FEED. 

The  station  frequently  receives  letters  requesting  informa- 
tion relative  to  the  value  of  this  material.  We  think  Mr. 
Parsons  himself  quite  fairly  states  in  his  circular  what  this 
feed  is.  He  says  :  "  It  is  composed  principally  of  the  hulls 
of  difi'erent  kinds  of  grains  and  other  low-grade  stufi"  from 
grain  mills  and  elevators."  A  sample  lot  was  procured  for 
us  by  an  outside  party.  In  appearance  it  seemed  to  consist 
of  the  chaff  of  different  grains.     It  analyzed  as  follows  :  — 


Water. 

Ash. 

Protein. 

Fibre. 

Mtrogen- 

free 
Extract. 

Fat. 

Parsons'  feed,         .... 
Oat  hulls  for  comparison,     . 

11.00 
14.30 

7.90 
10.00 

9.99 
4.00 

17.89 
34.00 

51.10 
36.20 

2.12 
1.50 

It  is  quite  evident  from  the  above  analysis  that  this  sample 
of  the  feed  contained  a  considerable  quantity  of  hulls,  chaff, 

*  Bulletin,  82,  Indiana  Experiment  Station. 
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etc.,  because  of  the  presence  of  so  large  an  amount  of  fibre. 
It  contained,  however,  in  addition,  other  grain  refuse  and 
sweepings,  for  there  is  considerable  more  protein  and  extract 
matter  than  would  be  found  in  clear  hulls. 

The  material  was  fed  to  sheep,  to  ascertain  its  digestibility. 
These  animals  were  induced  to  eat  it  after  a  little  efi'ort.  The 
figures  following  represent  the  percentages  digestible  of  the 
total  amounts  of  the  several  ingredients  contained  in  the  feed, 
and  are  termed  digestion  coefficients  :  — 


Dry 

Matter. 

Ash. 

Protein. 

Fibre 

Nitrogen- 
free 
Extract. 

Fat. 

Parsons' "  six  dollar  "  feed,     . 
Oat  hulls  for  comparison, . 

56 

12 

57 
35 

47 
57 

64 
45 

81 
35 

This  lot  showed  a  degree  of  digestibility  approaching  aver- 
age late-cut  English  hay,  and  superior  to  oat  hulls.  How 
much  difi'erent  lots  are  likely  to  vary  in  quality,  we  cannot 
state.  Considerable  difierence  in  quality  would  naturally  be 
expected. 

We  endeavored  to  feed  this  material  to  cows,  as  a  partial 
hay  substitute,  but  the  animals  could  not  be  induced  to  eat  it. 
This  was  in  the  spring  of  the  year.  It  is  possible  that  in 
the  winter  some  of  it  might  have  been  consumed  with  satis- 
factory results.  It  is  dry,  possesses  considerable  fertilizing 
value,  having  1.60  per  cent,  of  nitrogen,  and  is  chiefly  use- 
ful as  an  absorbent.  We  have  not  determined  its  content 
of  phosphoric  acid  and  potash.  Oat  hulls  show  .45  per  cent, 
of  potash  and  .13  per  cent,  of  phosphoric  acid.  A  conser- 
vative estimate  of  its  fertilizing  value  would  be  $3  per  ton. 
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DIVISION     OF    FERTILIZERS     AND     FERTILIZER 
MATERIALS. 


CHARLES   A.   GOESSMANN. 

Assistants :  henri  d.  haskins,  samuel  w.  wilet,  james  e.  halligan. 


Part    I.  —  Report    on    Official    Inspection    of   Commercial 
Fertilizers. 

Part  II.  —  Report  on  G-eneral  Work  in  the  Chemical  Lab- 
oratory. 


Part  I.  —  Report  on"  Opfioial  Inspection^  of 
Commercial  Fertilizers  and  Agricultural 
Chemicals  during  the  Season  op  1900. 


CHARLES   A.    GOESSMANN. 


The  total  number  of  manufacturers,  importers  and  dealers 
in  commercial  fertilizers  and  agricultural  chemicals  who  have 
secured  licenses  during  the  past  season  is  55  ;  of  these,  33 
have  offices  for  the  general  distribution  of  their  goods  in 
Massachusetts,  8  in  New  York,  6  in  Connecticut,  2  in  Ver- 
mont, 2  in  Rhode  Island,  1  in  Canada,  1  in  Maine,  1  in  New 
Jersey  and  1  in  Illinois. 

Two  hundred  and  forty-four  distinct  brands  of  fertilizer, 
including  chemicals,  have  been  licensed  in  the  State  during 
the  year. 

Four  hundred  and  forty-three  samples  of  fertilizers  have 
thus  far  been  collected  in  the  general  markets  by  experienced 
assistants  in  the  station. 
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Three  hundred  and  seventy-two  samples  were  analyzed 
at  the  close  of  November,  1900,  representing  251  distinct 
brands  of  fertilizer.  These  analyses  were  published  in  three 
bulletins  of  the  Hatch  Experiment  Station  of  the  Massachu- 
setts Agricultural  College:  No.  65,  March;  No.  68,  July; 
and  No.  70,  November,  1900. 

The  samples  not  already  analyzed,  together  with  others 
that  may  be  collected  before  the  first  of  May,  1901,  will  be 
examined  with  a  view  of  being  published  in  our  spring  bul- 
letin. It  has  not  always  been  possible  to  secure  a  complete 
list  of  the  samples  licensed  in  the  State ;  but  as  thorough  a 
canvass  as  possible  is  annually  made,  varying  more  or  less 
the  towns  to  be  visited  from  year  to  year,  as  seems  advis- 
able to  the  inspector.  The  methods  of  sampling  are  those 
laid  down  by  our  State  laws  for  the  regulation  of  the  trade 
in  commercial  fertilizers. 

For  the  readers'  benefit  the  following  abstract  of  the  results 
of  our  analyses  is  here  inserted  :  — 


(a)  Where  three  essential  elements  of  plant  food  were  guaranteed  :- 
Number  with  three  elements  equal  to  or  above  the  highest  guarantee, 
Number  with  two  elements  above  the  highest  guarantee,    . 

Number  with  one  element  above  the  highest  guarantee. 

Number  with  three  elements  between  the  lowest  and  highest  guarantee, 

Number  with  two  elements  between  the  lowest  and  highest  guarantee, 

Number  with  one  element  between  the  lowest  and  highest  guarantee, 

Number  with  three  elements  below  the  lowest  guarantee,  . 

Number  with  two  elements  below  the  lowest  guarantee. 

Number  with  one  element  below  the  lowest  guarantee, 

(b)  Where  two  essential  elements  of  plant  food  were  guaranteed  :  — 
Number  with  two  elements  above  the  highest  guarantee,    . 

Number  with  one  element  above  the  highest  guarantee. 

Number  with  two  elements  between  the  lowest  and  highest  guarantee, 

Number  with  one  element  between  the  lowest  and  highest  guarantee. 

Number  with  two  elements  below  the  lowest  guarantee. 

Number  with  one  element  below  the  lowest  guarantee, 

(c )  Where  one  essential  element  of  plant  food  was  guaranteed  :  — 

Number  above  the  highest  guarantee 

Number  between  the  lowest  and  highest  guarantee,     .... 
Number  below  lowest  guarantee 


15 
24 
85 

ns 

92 
43 
1 
U 
50 


A  comparison  of  the  above-stated  results  of  our  inspec- 
tion with  the  results  of  1899  shows,  with  the  exception  of 
those  fertilizers  which  are  classed  under  (b)  (where  two 
essential  elements  of  plant  food  are  guaranteed) ,  a  marked 
superiority  in  favor  of  the  samples  analyzed  in  1900. 
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From  a  careful  scrutiny  of  the  results  of  analyses  published 
in  the  three  bulletins  during  the  year  it  becomes  an  easy 
matter  for  the  farmer  to  intelligently  select  his  fertilizers  for 
the  next  year's  consumption,  always  bearing  in  mind  that 
the  fertilizer  costing  the  least  per  ton  is  not  always  the  most 
economical  fertilizer  to  buy,  but  rather  the  one  that  will  fur- 
nish the  greatest  amount  of  nitrogen,  potassium  oxide  and 
phosphoric  acid,  in  a  suitable  and  available  form,  for  the 
same  money. 

Trade    Values  of  Fertilizing  Ingredients    in  Raio   Materials   and 
Chemicals,  1899  and  1900  {Cents  per  Pound). 


1899. 

1900. 

Nitrogen  in  ammonia  salts, 

15.0 

17.0 

Nitrogen  in  nitrates, 

12.5 

13.5 

Organic  nitrogen  in  dry  and  fine-ground  fisli,  meat,  blood  and  in  high-grade 

14.0 

15.5 

fertilizers. 

Organic  nitrogen  in  fine  bone  and  tankage 

14.0 

15.5 

Organic  nitrogen  in  medium  bone  and  tankage,     .... 

10.0 

11.0 

Phosphoric  acid  soluble  in  water 

4.5 

4.5 

Phosphoric  acid  soluble  in  ammonium  citrate 

4.0 

4.0 

Phosphoric  acid  in  fine-ground  fish,  bone  and  tankage. 

4.0 

4.0 

Phosphoric  acid  in  cotton-seed  meal,  castor  pomace  and  wood  ashes 

4.0 

4.0 

Phosphoric  acid  in  coarse  fish,  bone  and  tankage, 

2.0 

3.0 

Phosphoric  acid  insoluble  (in  water  and  in  ammonium  citrate)  in  mixed 

2.0 

2.0 

fertilizers. 

Potash  as  sulfate  (free  from  chlorides), 

5.0 

5.0 

Potash  as  muriate 

4.25 

4.25 

The  cost  of  some  of  the  leading  forms  of  nitrogen  shows  a 
marked  increase,  as  compared  with  the  preceding  year,  1899. 

The  above  trade  values  are  based  on  the  market  cost,  dur- 
ing the  six  months  preceding  March,  1900,  of  standard  raw 
materials  which  are  largely  used  in  the  manufacture  of  com- 
pound fertilizers  found  in  our  markets.  The  following  is  a 
list  of  such  materials  :  — 


Sulfate  of  ammonia. 
Azotine. 

Cotton-seed  meal. 
Linseed  meal. 
Bone  and  tankage. 
Nitrate  of  soda. 
Dried  blood. 
Castor  pomace. 
Dry  ground  fish. 
Dry  ground  meat. 


Dissolved  bones. 

Acid  phosphate. 

Refuse  bone-black. 

Ground  phosphate  rock. 

High-grade  sulfate  of  potash. 

Sulfate  of  potash  and  magnesia* 

Muriate  of  potash. 

Kainit. 

Sylvinite. 

Crude  saltpetre. 
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How  to  use  the  table  of  trade  values  in  calculating  the  ap- 
proximate value  of  a  fertilizer :  Calculate  the  value  of  each 
of  the  three  essential  articles  of  plant  food  (nitrogen,  phos- 
phoric acid  and  potassium  oxide,  including  the  different 
forms  of  each  wherever  different  forms  are  recos-nized  in  the 
table)  in  one  hundred  pounds  of  the  fertilizer,  and  multiply 
each  product  by  twenty,  to  raise  it  to  a  ton  basis.  The  sum 
of  these  values  will  give  the  total  value  of  the  fertilizer  per 
ton  at  the  principal  places  of  distribution.  An  example  will 
suffice  to  show  how  this  calculation  is  made  :  — 

Analysis  of  Fertilizer  {Per  Cent.,  or  Pounds  in  One  Hundred 
Pounds  of  Fertilizer) . 

Nitrogen, '  .        .        .        .  4 

Soluble  phosphoric  acid, 8 

Reverted  phosphoric  acid, 4 

Insoluble  phosphoric  acid, 2 

Potassium  oxide  (as  sulfate), 10 


Value 

per  Hundred 

Pounds. 

Value  per  Ton 
(Two  Thou- 
sand Pounds). 

Four  pounds  nitrogen,  at  15.5  cents, 

Eight  pounds  soluble  phosphoric  acid,  at  4.5  cents,  . 
Four  pounds  reverted  phosphoric  acid,  at  4  cents,     . 
Two  pounds  insoluble  phosphoric  acid,  at  2  cents,    . 
Ten  pounds  potassium  oxide,  at  5  cents,     .... 

$0  62X20 
36X20 
16X20 
04X20 
50X20 

=$12  40 
=     7  20 
=     3  20 
=         80 
=  10  00 

$33  60 

The  following  table  gives  the  average  analysis  of  officially 
collected  fertilizers  for  1900  :  — 
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Zdst  of  Manufacturers  and  Dealers  tvho  have  secured  Certificates 
for  the  Sale  of  Commercial  Fertilizers  in  the  State  of  Mas- 
sachusetts during  the  Past   Year  (^May  i,   1900,  to  May  1, 
1901),  and  the  Brands  licensed  by  Each. 
Chicago, 


Armour    Fertilizer   Works 
111.  :  — 
All  Soluble. 

Blood,  Bone  and  Potash. 
Ammoniated  Bone  with  Potash. 
High-grade  Potato. 
Cape  Cod  Asparagus  Mixture. 
Armour's  Grain  Grower. 
Bone  Meal. 
White  Bone  Flour. 
Armour's  Flower  Food. 

Wm.  H.  Abbott,  Holyoke,  Mass :  — 
Animal  Fertilizer. 
Eagle  Brand  for  Grass  and  Grain. 
Tobacco  Fertilizer. 

American  Cotton  Oil  Co.,  New  York, 
N.  Y.  :  — 
Cotton-seed  Meal. 
Cotton-hull  Ashes. 


Butchers'  Rendering  Co. 
Mass. :  — 
Bone  and  Tankage. 


Fall   River, 


Bartlett&  Holmes,  Springfield,  Mass. : — 
Pure  Ground  Bone. 
Animal  Fertilizer. 
Tankage. 

East  India  Chemical  Works  (H.  J.  Baker 
&  Bro.,  proprietors).  New  York, 
N.  Y.  :  — 

Castor  Pomace. 

A.  A.  Ammoniated  Superphosphate. 

Complete  Potato  Manure. 

Strawberry  Manure. 

Complete  Tobacco  Manure. 

C.  A.  Bartlett,  Worcester,  Mass. :  ~ 
Pure  Ground  Bone. 

Berkshire  Mills  Co. ,  Bridgeport,  Conn. : — 
Complete  Fertilizer. 
Potato  Phosphate. 
Ammoniated  Bone  Phosphate. 

Hiram  Blanchard,  Eastport,  Me. :  — 
Fish,  Bone  and  Potash. 


Bowker  Fertilizer  Co.,  Boston,  Mass. :  — 

Stockbridge  Special  Manures. 

Bowker' s  Farm  and  Garden  Phos- 
phate. 

Bowker's  Hill  and  Drill  Phosphate. 

Bowker 's  Lawn  and  Garden  Dressing. 

Bowker's  Potato  and  Vegetable 
Fertilizer. 

Bowker's  Fish  and  Potash  (Square 
Brand) . 

Bowker's  Potato  Phosphate. 

Bowker's  Market-garden  Manure. 

Bowker's  Sure  Crop  Phosphate. 

Bowker's  High-grade  Fertilizer. 

Bowker's  Bone  and  Wood  Ash  Fer- 
tilizer. 

Gloucester  Fish  and  Potash. 

Nitrate  of  Soda. 

Dissolved  Bone-black. 

Muriate  of  Potash. 

Sulfate  of  Potash. 

Dried  Blood. 

Wood  Ashes. 

Ground  Bone. 

Bradley  Fertilizer  Co.,  Boston,  Mass. :  — 
Bradley's  X.  L.  Phosphate. 
Potato  Manure. 
Potato  Fertilizer. 
Complete  Manure  for  Potatoes  and 

Vegetables. 
Corn  Phosphate. 

Breck's  Lawn  and  Garden  Dressing. 
Eclipse  Phoshate. 
Niagara  Phosphate. 
Fine-ground  Bone. 
Muriate  of  Potash. 
Kainit. 

Double  Manure  Salts. 
High-grade  Sulfate  of  Potash. 
Nitrate  of  Soda. 
Dissolved  Bone-black. 
Brightman's  Fish  and  Potash. 

Joseph  Breck  &  Sons,  Boston,  Mass. :  — 
Breck's  Market-garden  Manure. 

Daniel  T.  Church,  Providence,  R.  I.  (E. 
Wilcox,  general  agent)  :  — 
Church's  D.  Fish  and  Potash. 
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Clark's    Cove    Fertilizer    Co.,    Boston, 
Mass. :  — 
Bay  State  Fertilizer. 
Bay  State  Fertilizer,  G.  G. 
Potato  Manure. 
Potato  Fertilizer. 
Great  Planet  Manure. 
King  Philip  Guano. 

Cleveland  Dryer  Co.,  Boston,  Mass. :  — 
Cleveland  Superphosphate. 
Cleveland  Potato  Phosphate. 
Cleveland     High-grade     Complete 
Manure. 

E.  Frank  Coe  Co.,  New  York,  N.  Y. :  — 
High-grade  Ammoniated  Bone  Su- 
perphosphate. 
Special  Potato  Fertilizer. 
Fish  and  Potash,  F.  P. 
Gold  Brand  Excelsior  Guano. 
Tobacco  and  Onion  Fertilizer. 
Vegetable  and  Vine. 
Bay  State  Phosphate. 
Market-garden  Special  Fertilizer. 

Crocker  Fertilizer  and  Chemical  Co., 
Bufialo,  N.  Y. :  - 

Crocker's  Ammoniated  Corn  Phos- 
phate. 

Crocker's  Potato,  Hop  and  Tobacco 
Phosphate. 

Crocker's  New  Rival  Ammoniated 
Superphosphate. 

Crocker's  General  Crop  Phosphate. 

Crocker's  Superior  Fertilizer. 

Crocker's  Grass  and  Oats  Fertil- 
izer. 

Cumberland  Bone  Phosphate  Co.,  Bos- 
ton, Mass. :  — 
Cumberland  Superphosphate. 
Cumberland  Potato  Fertilizer. 

L.  B.  Darling  Fertilizer  Co.,  Pawtucket, 
R.  I.:  — 
Potato  and  Root  Crop. 
Blood,  Bone  and  Potash. 
Fine  Bone. 
Potato  Manure. 
Animal  Fertilizer. 
Complete  Ten  Per  Cent.  Manure. 
Nitrate  of  Soda. 
Muriate  of  Potash. 

John  C.  Dow  &  Co.,  Boston,  Mass. :  — 
Pure  Ground  Bone. 


Eastern  Chemical  Co.,  Boston,  Mass. :  — 
Imperial  Liquid  Plant  Food. 
Imperial  Liquid  Grass  Fertilizer. 

Wm.  E.  Fyfe  &  Co.,  Clinton,  Mass. :  — 
Canada  Wood  Ashes. 

Farmers'  Union  Fertilizer  Co.,  Peabody, 
Mass. :  — 
Corn  King. 

Market-garden  Special. 
Complete  Potato  Fertilizer- 
Ammoniated  Bone  Fertilizer. 

Great  Eastern  Fertilizer  Co.,  Rutland, 
Vt.  :  — 
Northern  Corn  Special. 
Vegetable,  Vine  and  Tobacco. 
General  Fertilizer. 
Grass  and  Oats  Fertilizer. 
Garden  Special. 

Thomas  Hersom  &  Co.,  New  Bedford, 
Mass. :  — 
Meat  and  Bone. 
Ground  Bone. 

F.  E.   Hancock,  "Walkerton,    Ontario, 
Can. : — 
Pure  Unleached  Canada  Hardwood 
Ashes. 

Charles  W.  Hastings,   Jamaica  Plain, 
Mass. :  — 
Ferti  Flora. 

Thomas  Kirley,   South    Hadley  Falls, 

Mass.  :  — 
Pride  of  the  Valley. 
Tankage. 

Lowell  Fertilizer  Co.,  Boston,  Mass.  :  — 
Swift's  Lowell  Bone  Fertilizer. 
Swift's  Lowell  Animal  Brand. 
Swift's  Lowell  Potato  Phosphate. 
Swift's  Lowell  Lawn  Dressing. 
Swift's  Lowell  Market  Garden. 
Swift's  Lowell  Fruit  and  Vine. 
Swift's  Lowell  Tobacco  Manure. 
Swift's  Lowell  Dissolved  Bone  and 

Potash. 
Swift's  Lowell  Potato  Manure. 
Swift's  Lowell  Ground  Bone. 
Swift's  Lowell  Nitrate  of  Soda. 
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Lister's  Agricultural  Chemical  Works, 
Newark,  N.  J. :  — 
Lister's  Success  Fertilizer. 
Lister's  Celebrated  Onion  Fertilizer. 
Lister's  Special  Potato  Fertilizer. 
Lister's    High-grade     Special     for 

Spring  Crops. 
Lister's  Special  Tobacco  Fertilizer. 


Lowe  Bros.  &  Co.,  Fitchburg 
Tankage. 


Mass.  :  — 


The  Mapes  Formula  &  Peruvian  Guano 
Co.,  New  York,  N.  Y.  :  — 
The  Mapes  Bone  Manures. 
The  Mapes  Superphosphates. 
The  Mapes  Special  Crop  Manures. 
Sulfate  of  Potash. 
Nitrate  of  Soda. 
Tobacco  Ash  Constituents. 


Geo.  L.  Monroe,  Oswego,  N.  Y. ; 
Pure     Canada    Unleached 
Ashes. 


Wood 


McQuade  Bros., West  Auburn,  Mass. :  — 
Pure  Ground  Bone. 

National    Fertilizer    Co.,     Bridgeport, 
Conn. :  — 
Chittenden's  Market  Garden. 
Chittenden's  Complete  Fertilizer. 
Chittenden's  Ammoniated  Bone. 
Chittenden's  Fish  and  Potash. 

Pacific  Guano  Co.,  Boston,  Mass. :  — 
High-grade  General. 
Soluble  Pacific  Guano. 
Potato  Special. 
Nobsque  Guano. 

Packer's    Union    Fertilizer     Co.,  New 
York,  N.  Y.  :  — 
Gardener's  Complete  Manure. 
Animal  Corn  Fertilizer. 
Potato  Manure. 
Universal  Fertilizer. 
Wheat,  Oats  and  Clover  Fertilizer. 

Parmenter  &  Polsey  Fertilizer  Co.,  Pea- 
body,  Mass. :  — 
Plymouth  Rock  Brand. 
Special  Potato  Fertilizer. 
Special  Strawberry  Manure. 
A.  A.  Brand. 

Star  Brand  Superphosphate. 
Pure  Ground  Bone. 
P.  &  P.  Potato  Fertilizer. 


Quinnipiac  Co.,  Boston,  Mass. :  — 
Phosphate. 
Potato  Manure. 
Corn  Manure. 
Market-garden  Manure. 
Grass  Fertilizer. 
Pequot  Fish  and  Potash. 
Havana  Tobacco  Fertilizer. 
Climax  Phosphate. 

Rogers  &  Hubbard  Co.,  Middletown, 
Conn. : — 

Hubbard's  Fertilizer  for  Oats  and 
Top  Dressing. 

Hubbard's  Grass  and  Grain  Fer- 
tilizer. 

Hubbard's  Fairchild's  Formula  for 
Corn. 

Hubbard's  Soluble  Potato  Manure. 

Hubbard's  Soluble  Tobacco  Ma- 
nure. 

Hubbard's  Potato  Manure. 

Hubbard's  All  Soils  and  All  Crops. 

Hubbard's  Corn  Phosphate. 

Hubbard's  Raw  Knuckle-bone 
Flour. 

Hubbard's  Strictly  Pure  Fine  Bone. 

N.  Roy  &    Son,  South   Attleborougli, 
Mass. :  — 
Complete  Animal  Fertilizer. 

Russia  Cement  Co.,  Gloucester,  Mass. : — 

Essex  Dry  Ground  Fish. 

Essex  XXX  Fish  and  Potash. 

Essex  Potato  Fertilizer. 

Essex  Corn  Fertilizer. 

Essex  Complete  Manure  for  Pota- 
toes and  Vegetables. 

Essex  Complete  Manure  for  Corn, 
Grain  and  Grass. 

Essex  Odorless  Lawn  Dressing. 

Essex  Special  Tobacco  Fertilizer. 

Essex  Tobacco  Starter. 

Rogers  Manufacturing  Co.,  Rockfall, 
Conn. : — 

All  Around  Fertilizer. 

Complete  Potato  and  Vegetable  Fer- 
tilizer. 

Complete  Corn  Fertilizer. 

Fish  and  Potash. 

High-grade  Soluble  Tobacco  and 
Potato. 

High-grade  Oats  and  Top  Dressing. 

High-grade  Grass  and  Grain. 

High-grade  Tobacco  Fertilizer. 
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Read  Fertilizer  Co.,  New  York,  N.  Y. 
(D.  H.  Foster,  general  agent)  :  — 
Read's  Standard. 
High-grade  Farmer's  Friend. 
Practical  Potato  Special. 
Bone,  Fish  and  Potash. 
Samson. 
Potato  Manure. 
Vegetable  and  Vine. 

Lucien  Sanderson,  New  Haven,  Conn. :  — 
Sanderson's  Old  Reliable. 
Sanderson's  Formula  A. 
Sanderson's  Blood,  Bone  and  Meat. 
Sanderson's  Nitrate  of  Soda. 
Sanderson's  Dissolved  Bone-black. 

Standard  Fertilizer  Co.,  Boston,  Mass. :  — 
Standard  Fertilizer. 
Standard  Guano. 
Standard  Complete  Manure. 
Standard  Special  for  Potatoes. 
Standard  A  Brand. 

Thomas  L.  Stetson,  Randolph,  Mass. :  — 
Ground  Bone. 

Henry  F.  Tucker  Co.,  Boston,  Mass. :  — 
Original  Bay  State  Bone  Superphos- 
phate. 
Special  Potato  Fertilizer. 

Darius  Whithed,  Lowell,  Mass. :  — 
Ground  Bone. 
Champion  Animal  Fertilizer. 


The  Wilcox  Fertilizer  Works,  Mystic, 
Conn. : — 
Potato,  Onion  and  Tobacco  Manure. 
High-grade  Fish  and  Potash. 
Dry  Ground  Fish  Guano. 
Fish  and  Potash. 

Williams  &  Clark  Fertilizer  Co.,  Boston^ 
Mass. :  — 
High-grade  Special. 
Ammoniated  Bone  Superphosphate. 
Potato  Phosphate. 
Corn  Phosphate. 
Potato  Manure. 

Special  with  ten  per  cent.  Potash. 
Royal  Bone  Phosphate. 
Prolific  Crop  Producer. 
Fine  Wrapper  Tobacco  Grower. 
Bone  Meal. 

M.  E.  Wheeler  &  Co.,  Rutland,  Vt.  :  — 
Corn  Fertilizer. 
Potato  Manure. 
Havana  Tobacco  Grower. 
Superior  Truck  Fertilizer. 
Bermuda  Onion  Grower. 
Grass  and  Oats  Fertilizer. 
Electrical  Dissolved  Bone. 

A.  L.  Warren,  Northborough,  Mass. :  — 
Fine-ground  Bone. 

Sanford  Winter,  Brockton,  Mass. :  — 
Fine-ground  Bone. 

J.    M.   Woodard    &    Bro.,    Greenfield, 

Mass.:  — 
Tankage. 


152  HATCH   EXPERIMENT    STATION.  [Jan. 


Part  II.  —  Report   oi^   General   Work  in  the 
Chemical  Laboratory. 


CHAELES   A.    GOESSMANN. 


1.  Analysis  of  materials  sent  on  for  examination. 

2.  Notes  on  wood  ashes. 

3.  Notes  on  sludge,  its  agricultural  value. 

4.  Notes  on  phosphatic  slag,  as  a  source  of  phosphoric  acid  for 

manurial  purposes. 

1.     Analyses  of  Materials  sent  on  for   Examination. 

During  the  past  season  237  materials  have  been  received 
and  the  results  of  our  examination  have  been  published  in 
detail  in  bulletins  65,  68  and  70  of  the  Hatch  Experiment 
Station  of  the  Massachusetts  Agricultural  College,  together 
with  the  results  of  the  official  inspection  of  commercial  fer- 
tilizers. 

The  responsibility  of  the  genuineness  of  the  articles  sent 
on  for  examination  rests  in  all  cases  with  the  parties  asking 
for  analyses,  and  our  publication  of  results  merely  refers  to 
the  locality  from  which  they  come.  It  is  evident,  from  the 
increase  each  year  of  the  number  of  materials  sent  in  for 
analysis,  that  there  is  a  growing  interest  taken  in  this  work, 
and  individuals  are  realizing  the  value  of  such  chemical 
investigations. 

The  waste  products  of  our  industries  are  becoming  from 
year  to  year  more  numerous  and  important.  As  the  current 
modes  of  manufacture  are  constantly  undergoing  changes 
which  aflect  seriously  their  commercial  manurial  value,  fre- 
quent investigation  of  this  class  of  materials  cannot  help  but 
prove  beneficial  to  the  farmer,  and  hence  arrangements  are 
made  to  attend  to  the  examination  of  these  materials  to  the 
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full  extent  of  our  resources.     This  work  is  carried  on  free 

of  charge  to  the  farmers  of  this  State,  the  results  of  analysis 

being  returned  in  the  order  of  the  arrival  of  samples  at  the 

office. 

the  past    season, 

work :  — 


Below  is  given  a  list  of  materials  received  during 
which    shows  the   general  nature   of  the 


Wood  ashes, 

73 

Acid  phosphate, 

.     1 

Cotton-hull  ashes, 

8 

Dissolved  bone-black. 

.     2 

Brickyard  ashes, 

1 

Dissolved  bone, 

.     2 

Leather-scrap  ashes, 

1 

Cotton-seed  meal, 

.     4 

Lime -kiln  ashes, 

2 

Castor  pomace,  ... 

.     1 

Lime  refuse, 

1 

Cotton  waste. 

.    7 

Muriate  of  potash. 

3 

Tobacco  stems, 

.     3 

High-grade  sulfate  of  potash,  . 

2 

Tobacco  dust. 

.     1 

Sulfate  of  potash  and  magnesia, 

3 

Muck, 

.    2 

Kainit, 

1 

Peat,  . 

.     1 

Silicate  of  potash, 

1 

Soot,  . 

.     1 

Sulfate  of  ammonia,  . 

1 

Bat  guano, . 

.     1 

Nitrate  of  soda, . 

3 

Cork  dust, . 

.     1 

Ground  bone,     . 

7 

Kiln  dust,  . 

.     1 

Raw  bone  flour, 

1 

Complete  fertilizers, . 

.  13 

Steamed  bone  meal,  , 

1 

Refuse  from  garbage  plan 

t,      .     1 

Tankage,    . 

5 

Stable  manures. 

.  14 

Dry  fish  meat,    , 

2 

Stable  refuse  material, 

.     1 

Florida  rock  phosphate, 

1 

Sludge, 

.    7 

Phosphatic  slag, 

1 

Soils, 

.  29 

South  Carolina  rock  phosphate, 

2 

Bug  death. 

.     1 

Apatite, 

1 

Miscellaneous  n 

materials. 

.  22 

These,  together  with  other  manurial  products  common  to 
commercial  and  agricultural  industries,  are  carefully  inves- 
tigated, and  the  results  of  our  examination  ar6  free  to  the 
farmers  of  the  State.  As  our  resources  are  limited,  we 
have  to  request  all  farmers  sending  material  for  examination 
to  prepay  express  charges. 


2.  Notes  on  Wood  Ashes. 
During  the  past  year  (1900)  30.8  per  cent,  of  the  mate- 
rials sent  on  for  analysis  consisted  of  wood  ashes,  as  against 
24.4  per  cent,  the  previous  year  (1899).  The  wood  ashes 
sold  for  manurial  purposes  in  our  State  are  subject  to  official 
inspection,  and  the  dealers  in  this  commodity  must  secure  a 
license  to  sell  before  they  can  legally  advertise  their  article. 


154 


HATCH   EXPERIMENT   STATION. 


[Jan. 


The  goods  must  be  sold  on  a  guaranteed  analysis,  stating 
their  percentages  of  potash  and  of  phosphoric  acid  present, 
and  this  analysis  must  be  fastened  to  each  package  or  car 
that  contains  them.  As  the  dealer  is  obliged  only  to  fur- 
nish a  guarantee  of  the  amount  of  potash  and  of  phosphoric 
acid  present  in  the  ashes,  no  objection  can  be  raised  regard- 
ing the  amount  of  moisture,  so  long  as  the  specified  amount 
of  these  two  elements  is  present. 

Wood  ashes  ought  to  be  bought  and  sold  by  weight,  and 
not  by  measure,  for  both  moisture  and  general  character  of 
the  foreign  matters  are  apt  to  seriously  afiect  the  weight  of  a 
given  volume.  The  following  table  shows  the  general  char- 
acter of  the  wood  ashes,  so  far  as  their  chemical  composition 
is  concerned,  that  have  appeared  in  the  general  markets  dur- 
ino;  the  season  of  1900  :  — 


Analysis  of  Wood  Ashes. 


CONSTITUENTS. 


Moisture  below  1  per  cent., 

Moisture  from  1  to  10  per  cent., 

Moisture  from  10  to  20  per  cent 

Moisture  from  20  to  SO  per  cent. 

Moisture  above  30  per  cent 

Potassiurd  oxide  above  8  per  cent.,    ....... 

Potassium  oxide  from  7  to  8  per  cent., 

Potassium  oxide  from  6  to  7  per  cent., 

Potassium  oxide  from  5  to  6  per  cent 

Potassium  oxide  from  4  to  5  per  cent  , 

Potassium  oxide  from  3  to  4  per  cent., 

Potassium  oxide  below  3  per  cent., 

Pliosphoric  acid  above  2  per  cent., 

Phospboric  acid  from  1  to  2  per  cent 

Phosphoric  acid  below  1  per  cent.,     .      * 

Average  per  cent,  of  calcium  oxide  (lime) 

Per  cent,  of  mineral  matter  insoluble  in  diluted  hydrochloric 
iicid  :  — 
Below  10  per  cent., 

Between  10  and  15  per  cent., 

Between  15  and  20  per  cent., 

Above  20  per  cent 


Number  op  Samples. 


1899. 

1900. 

2 

1 

21 

25       . 

35 

32 

1 

13 

1 

1 

4 

1 

9 

6 

13 

12 

7 

25 

19 
2 

14 

* 

7 

2 

7 

4 

6 

43 

62 

10 

4 

34.10 

32.51 

16 

15 

26 

35 

7 

12 

7 

11 
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To  assist  our  farmers  in  selecting  the  best  quality  of  wood 
ashes  in  our  market,  it  is  desirable  that  those  sending  sam- 
ples for  analysis  will  state  the  name  of  the  party  of  whom 
the  goods  were  purchased  and  price  per  ton  paid. 

3.  Notes  on  Sludge,  its  Agricultural  Value. 
The  interest  in  the  character  of  this  class  of  materials  and 
their  value  for  manurial  purposes  is  deservedly  steadily  in- 
creasing, judging  from  inquiries  received  at  this  office.  As 
the  source  of  the  article  as  well  as  the  mode  of  collecting  the 
same  may  differ  widely,  it  is  but  natural  that  no  definite 
advice  can  be  furnished  without  a  special  examination  into 
the  existing  circumstances.  The  subsequent  compilation  of 
analyses  of  sludge,  made  at  the  request  of  farmers  of  the 
State,  are  published  to  increase  a  more  general  interest  in 
the  matter :  — 


Analyses  of  Samples  of  Sludge  (Per  Cent.). 

[The  five  samples  were  received  from  Worcester,  Mass.  I.,  taken  from  bottom  of 
basin,  unpressed;  II.,  taken  from  top  of  basin,  unpressed ;  III.,  pressed  sample, 
yellowish  in  color;  IV.,  pressed  sample,  black  color;  V.,  pressed  sample,  red- 
dish color.] 


CONSTITUENTS. 

I. 

II. 

III. 

IV. 

V. 

Moisture  at  100°  C 

Nitrogen, 

65.99 

.44 

63.59 
.38 

54.98 
.49 

68.15 
.36 

53.11 
.62 

Analyses  of  Samples  of  Sludge  (Per  Cent.). 

[I.,  Average  complete  analysis  of  the  above  five  samples ;  II.,  sludge  received  from 
Worcester,  Mass. ;  III.,  sludge  received  from  Brockton  filter  beds  (1899) ;  IV., 
sludge  received  from  Brockton  filter  beds  (1900).] 


CONSTITUENTS. 


I. 


in. 


IV. 


Moisture  at  100°  C, . 
Phosphoric  acid. 
Potassium  oxide, 
Nitrogen,  . 
Calcium  oxide, 
Ferric  oxide,     . 
Aluminum  oxide,     . 
Magnesium  oxide,    . 
Sulfuric  acid  (SOs), 
Carbonic  acid,  . 
Chlorine,  . 
Insoluble  matter, 


61.16 

.39 

.13 

.46 

5.08 

6.50 

2.05 

2.19 

.44 

4.86 

trace. 

10.57 


65.61 
.47 
.07 
.58 


21.44 

.86 

.16 

1.31 

1.13 


2.77 

.72 


1.27 
trace. 
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It  will  be  seen  from  the  above  analyses  that  there  is  a 
great  difference  in  the  percentage  of  the  fertilizing  constitu- 
ents present  in  the  different  samples.  There  remains,  how- 
ever, no  doubt  that  these  materials  when  properly  studied 
furnish  a  valuable  source  of  plant  food,  when  they  can  be 
conveniently  obtained,  and  supplemented  by  such  ingredients 
as  potash  and  phosphoric  acid  compounds,  to  render  them 
more  suitable  for  manurial  purposes  in  case  of  different  crops. 


4.  Notes  on  Phosphatic  Slag  as  a  Source  of  Phos- 
phoric Acid  for  Manurial  Purposes. 

The  phosphatic  slag,  sometimes  called  Thomas  basic  .phos- 
phatic slag,  or  odorless  phosphate,  in  advertisements  of 
dealers  of  commercial  fertilizers,  is  obtained  as  a  by-product 
in  the  conversion  of  phosphorus  containing  iron  ores  into 
phosphorus  free  metallic  iron.  Investigations  regarding  its 
fitness  as  an  economical  source  of  phosphoric  acid  for  manu- 
rial purposes  have  received,  from  the  date  of  its  first  pro- 
duction, the  special  attention  of  agricultural  chemists  and 
agriculturists  of  Germany  and  other  European  countries. 
Field  observations  in  the  United  States  date  back,  as  far  as 
the  writer  is  informed,  to  the  year  1888 .  Summing  up  the  re- 
sults of  the  past,  it  will  be  admitted  that  a  genuine  phosphatic 
slag,  judiciously  appKed,  has  proved  a  valuable  addition  to  our 
phosphoric-acid-containing  manurial  resources,  and  that  its 
use  is  only  limited  by  its  supply  at  a  reasonable  cost. 

The  subsequent  tabular  statement  may  convey  some  more 
definite  idea  regarding  the  general  character  of  the  phos- 
phatic slag  tested  at  Amherst,  Mass.  :  — 

Analyses  of  Phosphatic  Slag  (Per  Cent.). 

[I.,  German  phosphatic  slag  (sent  on),  1887 ;  XL,  English  phosphatic  slag  (sent  on), 
1887;  III.,  German  phosphatic  slag  (imported  for  station  use),  1888;  IV.,  phos- 
phatic slag  received  from  England,  1888.] 


CONSTITUENTS. 

I. 

II. 

ni. 

IV. 

Moisture  at  100°  C 

.10 

.37 

5.08 

.37 

Ferric  and  aluminum  oxides, 

4.26 

- 

15.98 

8.55 

Total  phosphoric  acid,     . 

31.51 

18.91 

21.05 

18.91 

Available  phosphoric  acid, 

.19 

5.93 

- 

- 

Insoluble  phosphoric  acid, 

80.32 

12.98 

- 

- 

Calcium  oxide, 

41.87 

49.82 

53.97 

49.22 

Magnesium  oxide,    . 

- 

- 

3.83 

- 

Insoluble  matter,     . 

13.74 

5.06 

- 

5.06 
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Analyses  of  PJiosphatic  Slag  (Per  Cent.). 

[I.,  bought  for  field  experiments,  1894 ;  II.,  sent  on  from  Hatfield,  Mass.,  1893 ;  III., 
sent  on  from  Marshfield,  Mass.,  1893;  IV.,  sent  on  from  Amherst,  Mass.,  1893; 
v.,  sent  on  from  Mansfield,  Mass.,  1900.] 


CONSTITUENTS 

I. 

n. 

III. 

IV. 

V, 

Moisture  at  100°  C.,. 

. 

.47 

1.12 

.60 

.63 

.25 

Ferric  and  alumimim  oxides, 

14.35 

- 

- 

- 

- 

Total  phosphoric  acid,    . 

19.04 

18.40 

19.45 

18.42 

19.80 

Available  phosphoric  acid. 

- 

- 

- 

~ 

6.04 

Insoluble  phosphoric  acid, 

- 

- 

- 

- 

13.76 

Calcium  oxide, 

46.47 

49.00 

61.30 

48.27 

52.93 

Magnesium  oxide,  . 

5.05 

- 

_ 

- 

- 

Carbonic  acid, . 

- 

2.67 

2.25 

- 

- 

Potassium  oxide,     . 

- 

.32 

.52 

- 

.50 

Insoluble  matter,     . 

4.39 

7.20 

5.12 

5.53 

- 

The  analyses  of  phosphatic  slag  in  earlier  years,  as  a  rule, 
show  lower  percentages  of  ammonium  citrate  soluble  phos- 
phoric acid  when  subjected  to  the  same  current  mode  of  treat- 
ment as  other  phosphatic  fertilizers,  —  a  circumstance  due  to 
the  presence  of  a  varying  quantity  of  caustic  lime,  which 
caused  a  decomposition  of  the  citrate  of  ammonia,  and  thus 
affected  more  or  less  seriously  its  power  to  dissolve  the  avail- 
able phosphoric  acid  present.  The  recognition  of  this  fact 
on  the  part  of  chemists  has  caused  the  adoption  of  a  modifi- 
cation in  the  character  and  the  concentration  of  the  citrate 
of  ammonia  solution  proposed  by  Dr.  P.  Wagner,  which  aims 
at  a  neutralization  of  the  free  lime.  The  determination  of 
available  phosphoric  acid  in  phosphatic  slag,  by  Wagner's 
method,  for  trade  purposes  is  to-day  generally  adopted.  As 
our  above-stated  analyses  of  phosphatic  slag  extend  over  a 
period  of  more  than  twelve  years,  the  main  interest  in  our 
results  consists  in  the  statement  of  the  amount  of  total  phos- 
phoric acid  found  present. 

Aside  from  these  recent  changes  in  the  current  modes  of 
analyzing  these  phosphates,  there  has  been  introduced  an 
important  change  in  the  manufacture  of  phosphatic  slag  for 
manurial  purposes.     As  in  the  fertilizer  trade,  the  valuation 
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of  the  phosphoric  acid  is  based,  as  a  rule,  on  the  amount  of 
available  phosphoric  acid  present.  Manufacturers  of  phos- 
phatic  slag  have  aimed  at  the  production  of  a  material  which, 
by  chemical  analysis,  will  show  the  largest  amount  of  avail- 
able phosphoric  acid ;  this  result  is  obtained  by  fusing  the 
slag  at  about  900°  C.  with  sufficient  quartz  sand  to  change 
the  free  lime  present  into  silicate  of  lime.  The  inventor  of 
this  process  (G.  Hoyermann)  has  published  as  an  illustration 
the  followino;  results  :  — 


Analyses  of  TJiomas  Phosphatic  Slag  {Per  Cent.). 

[I.,  analysis  of  Thomas  phosphatic  slag  before  smelting  with  quartz  sand;    II., 
analysis  of  the  same  material  after  fusing  with  quartz  sand.] 


CONSTITUENTS. 


II. 


Calcium  oxide  (free  lime), 

Silicic  acid, 

Available  phosphoric  acid  (percentage  of  whole),  , 


.70 

12.00 
84.00 


The  general  introduction  of  Hoyermann's  process  has 
changed  the  character  of  the  phosphatic  slag  of  earlier  years 
materially.  The  phosphatic  slag  of  to-day  contains,  in  ex- 
ceptional cases  only,  some  free  lime,  not  sufficient  to  charge 
any  beneficial  effect  of  the  phosphatic  slag  on  the  crop  raised 
to  free  lime  present. 

An  imitation  of  phosphatic  slag  is  reported  as  having  been 
introduced  in  Sweden.  It  is  obtained  by  fusing  apatite  with 
soda  ash  at  from  700°  to  800°  C.  No  representative  sample 
of  this  material  has  yet  come  to  the  writer's  notice. 
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The  work  of  this  division  during  the  past  year  has  con- 
sisted as  usual  in  the  investigation  of  various  forms  of  plant 
disease,  together  with  a  large  amount  of  correspondence,  the 
preparation  of  results  for  publication,  and  miscellaneous 
botanical  work.  Bulletin  No.  69,  on  "The  rotting  of  green- 
house lettuce,"  was  issued  during  the  year,  giving  an  account 
of  the  work  on  this  subject,  to  which  reference  has  been 
made  in  several  recent  annual  reports  of  this  station.  The 
extent  of  the  lettuce-forcing  industry  in  this  State  makes 
the  subject  of  this  bulletin  one  of  great  importance,  as  the 
financial  loss  from  this  source  has  been  a  large  and  increasing 
one.  Notably  in  the  case  of  the  disease  known  as  the 
"drop,"  the  least  understood  and  the  most  destructive  of 
these  troubles,  results  have  been  obtained  which  show  hitherto 
entirely  unknown  characteristics  in  the  development  of  the 
organism  which  causes  the  trouble,  on  the  basis  of  which 
knowledge  a  practical  and  efficacious  treatment  can  be  ap- 
plied. Another  result  of  no  small  importance  has  been 
the  demonstration  of  the  worthlessness  of  many  so-called 
remedies. 

Our  greenhouses  used  for  purposes  of  experiment  have  as 
usual  been  devoted  to  the  study  of  problems  connected  with 
the  forcing  of  vegetables,  principally  cucumbers,  in  addition 
to  lettuce. 

Aster  Diseases. 

During  the  past  summer,  work  on  the  diseases  of  the  China 
aster  has  been  continued,  upon  a  much  more  extensive  scale 
than  heretofore.  Altogether  some  15,000  plants  were  grown, 
and  a  great  variety  of  experiments  were  conducted  upon 
fertilizers,  varieties,  localities,  time  of  planting,  methods  of 


160  HATCH   EXPERIMENT   STATION.  [Jan. 

handling,  etc.  In  one  bed,  600  feet  in  length,  were  grown 
all  the  varieties  of  this  plant  obtainable  from  the  leading 
seedsmen  of  the  country,  over  300  in  all.  This  plant  is 
very  generally  affected  by  a  number  of  serious  troubles,  most 
prominent  of  which  is  a  disease  of  a  peculiarly  obscure  nature. 
No  organism  of  any  kind  appears  to  be  the  cause  of  it,  yet 
it  has  a  very  characteristic  as  well  as  destructive  effect.  Our 
most  recent  results  indicate  that  the  abnormal  development  is 
due  to  a  disturbance  of  the  assimilative  (metabolic)  functions 
of  the  plant.-  The  conditions,  however,  which  bring  about 
this  disturbance,  seem,  as  shown  by  our  results  thus  far, 
contradictory  and  obscure.  At  least  three  other  diseases,  all 
of  a  fungous  nature,  also  attack  the  aster,  with  serious  effects. 
These  can  be  more  readily  understood,  if  not  prevented. 
Complaint  is  made  from  all  parts  of  the  country  of  trouble 
in  growing  this  popular  flower. 

Nematode  Worms. 
A  peculiar  disease  on  potted  cuttings  of  perennial  phlox 
was  sent  in  during  the  past  winter,  which  proved  to  be  caused 
by  a  species  of  nematode,  but  quite  different  from  that  attack- 
ing the  roots  of  many  plants,  to  which  this  division  has 
devoted  considerable  attention.  This  new  form  attacks  the 
stem  of  the  plant,  causing  there  an  abnormal  enlargement, 
while  the  leaves  are  stunted  or  reduced  to  mere  rudiments, 
and  the  plant  generally  dies.  The  worm  causing  the  mis- 
chief is  a  slender  creature  of  microscopic  size,  which  embeds 
itself  in  the  tissues  of  the  stem,  where  it  multiplies  rapidly 
and  produces  the  abnormal  growth.  The  species  is  an  un- 
described  one,  though  it  appears  to  be  the  same  as  that  men- 
tioned by  several  writers  as  attacking  the  stems  and  leaves 
of  plants.  This  is  the  only  occurrence  of  the  sort  which  we 
have  known  in  this  State,  and  from  its  nature  it  does  not  ap- 
pear to  be  anything  which  will  become  generally  prevalent 
or  destructive. 

Cucumber  Mildew  {Plasmopara  Cubensis,  B.  and  C). 
This  mildew  made  its  appearance  in  Massachusetts  during 
the  past  autumn  for  the  first  time,  so  far  as  we  are  aware, 
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since  1889,  when  it  was  reported  by  Dr.  Humphrey  *  as 
found  in  two  distinct  localities  in  the  State.  This  time  it  is 
again  reported  as  occurring  upon  greenhouse  cucumbers  in 
two  entirely  distinct  and  remote  localities,  namely,  Beverly 
and  Leominster,  but  we  are  not  aware  of  its  presence 
during  the  summer  on  out-door  cucumbers,  squashes  or 
melons.  The  fungus  occurs  more  commonly  in  the  south, 
and  even  no  further  remote  than  Ohio  and  Lona;  Island  it 
has  proved  exceedingly  disastrous  to  out-door  crops.  It  is 
surmised  by  Professor  Selby  of  Ohio  that  it  persists  in  the 
south  and  works  its  way  northward  as  the  season  advances. 
The  notable  results  in  Long  Island,  obtained  by  Stewart,  f 
in  spraying  with  the  Bordeaux  mixture  cucumbers  afi'ected 
with  this  mildew,  show  that  the  disease  can  be  practically 
controlled. 

The  fungus  appears  largely  upon  the  under  side  of  the 
leaf,  as  a  downy  mass,  greatly  resembling  the  downy  mildew 
of  the  grape.  It  must  not,  however,  be  confounded  with 
the  common  powdery  mildew  found  so  frequently  upon  the 
upper  surface  of  cucumber  leaves.  It  is,  moreover,  more 
disastrous  than  the  powdery  mildew,  and  on  this  account 
should  not  be  neglected  when  found. 

EussiAN  Thistle  in  Massachusetts. 
The  first  report  of  the  finding  of  the  Russian  thistle  in 
Massachusetts  which  has  come  to  our  notice  is  made  by  Mr. 
Wm.  P.  Eich.|  Two  plants  were  first  observed  by  him  on 
a  railroad  bank  at  Dedham,  Aug.  22,  1897,  and  since  that 
time  the  plants  have  shown  a  tendency  to  increase  slightly. 
Mr.  Eich  states  that  on  Aug.  4,  1900,  he  found  in  the  same 
locality  twenty  plants.  A  few  of  them  had  spread  three 
hundred  feet  from  where  first  observed  in  1897.  The  Eus- 
sian  thistle  has  been  previously  reported  in  New  York  and 
Ehode  Island. 

*  Eighth  annual  report,  Massachusetts  Agricultural  Experiment  Station,  p.  210. 
t  New  York  Agricultural  Experiment  Station  Bulletin,  No.  119,  Geneva,  N.  Y. 
X  Rhodora,  Yol.  II.,  p.  204. 
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Influence  of  Chemical  Solutions  upon  the  Germina- 
tion OF  Seeds. 

It  is  well  known  that  there  are  many  chemical  solutions 
which  accelerate  and  retard  the  germination  of  seeds ;  it  is 
also  known  that  germinating  seeds  are  very  susceptible  to 
changes  in  temperature  and  moisture,  to  variations  in  the 
degree  and  kinds  of  light,  to  the  amount  of  oxygen  they 
receive,  to  the  influence  of  electricity,  etc.  It  was  our 
idea,  in  inaagurating  these  experiments,  to  determine  to 
what  degree  seeds  could  be  accelerated  in  their  germination, 
and  also  to  what  extent  their  germinating  capacity  could  be 
increased.  Experiments  in  this  direction  have  been  carried 
on  in  this  department  since  1895,  but  they  have  been  inter- 
rupted a  number  of  times.  These  experiments  have  been 
directed  along  two  lines,  namely,  a  study  of  the  influence  of 
physical  factors  upon  germination,  and  a  study  of  the  efiects 
of  different  chemical  solutions  upon  germination.  The  re- 
sults of  the  former  experiments  have  already  been  published, 
in  a  bulletin  entitled  "  Electro  germination  ; "  while  some  of 
the  results  of  the  latter,  which  have  been  carried  on  by  Mr. 
E.  H.  Sharpe,  at  one  time  a  student  in  the  college,  constitute 
the  subject  of  this  article. 

Any  form  of  treatment  capable  of  accelerating  the  germi- 
nation of  seeds  possesses  perhaps  more  scientific  than  prac- 
tical value ;  but  there  are,  nevertheless,  some  high-priced 
seeds  which  do  not  retain  their  germinating  capacity  very 
long,  and,  if  the  percentage  of  germination  can  be  materially 
increased  at  a  small  expense,  such  a  treatment  would  be 
worthy  of  practical  consideration.  It  is  not  our  purpose, 
however,  to  maintain,  from  the  results  shown  in  the  follow- 
ing tables,  that  they  warrant  practical  application. 

The  solutions  selected  for  these  experiments  are  those 
which  are  frequently  found  in  seeds  and  seedlings ;  and  it 
was  thought  that,  by  applying  these  solutions  to  the  seeds 
for  a  certain  number  of  hours,  they  might  supply  the  defi- 
ciency in  some  essential  constituent,  and  thus  enable  poorer 
and  exhausted  seeds  to  germinate.  There  are  many  seeds 
which  do  not  retain  the  power  of  germinating  very  long ; 
and  it  might  be  supposed  that  one  cause  of  this  had  some 
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connection  with  the  normal  condition  of  the  enzymes  or  fer- 
ments, which  are  essential  for  the  conversion  of  certain  seed 
products  into  available  forms  for  germination.  It  is  with 
this  idea  in  mind  that  our  experiments  with  solutions  have 
been  conducted ;  and  the  solutions  selected  have  been  those 
which  are  known  to  exist  in  many  seeds  and  seedlings  as 
ferments  or  enzymes,  termed  diatase,  pepsin,  trypsin  and 
others,  and  amides,  such  as  asparagin,  leucin,  etc.  With 
the  exception  of  diatase,  all  of  the  chemicals  used  in  making 
these  solutions  were  obtained  from  Mercks,  the  diatase  being 
made  up  from  malt.  These  experiments  are  by  no  means  as 
complete  as  desired,  but  circumstances  did  not  permit  of 
their  continuation  at  the  time  they  were  made. 

Experiments  ivith  Asparagin  Solutions. 
Asparagin  is  a  typical  amide,  found  in  connection  with 
many  seedlings  and  storage  organs.  During  germination  the 
amides  increase  in  some  instances  to  a  considerable  extent. 
Asparagin  is  especially  abundant  in  leguminous  seedlings, 
and  is  believed  to  play  an  important  part  in  metabolism. 
The  following  tables,  I.  to  V.,  represent  the  effects  of  aspar- 
agin solution  upon  different  seeds  which  display  considerable 
variation  in  their  germinating  capacity.  One  hundred  seeds 
were  used  in  all  instances  for  each  strength  of  solution,  and 
the  strength  of  solution  varied  in  each  experiment  from  .  1  to 
2  per  cent.  The  seeds  were  soaked  in  asparagin  twelve 
hours,  after  which  they  were  rinsed  with  water  and  placed 
in  Zurich  o-erminators  excluded  from  the  light  in  a  room  with 
fairly  even  temperature.  The  number  of  seed  germinating 
each  day  were  taken  out  and  recorded,  no  observations  being 
made  previous  to  twenty-four  hours  after  placing  them  in 
the  germinator.  In  many  instances  the  number  of  observa- 
tions have  been  omitted  in  the  tables,  to  save  space,  and  the 
percentages  in  the  last  columns  give  the  final  results.  The 
relative  gain,  however,  during  this  period,  is  practically  the 
same  as  that  preceding  it.  The  seeds  were  in  every  instance 
left  a  few  days  or  a  week  longer,  in  order  to  see  if  any  more 
would  o;erminate.  We  endeavored  to  select  seed  which  did 
not  show  a  high  percentage  of  germination,  but  in  every  case 
this  was  not  accomplished. 
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Table   I.  —  Shoioing  the  Effects  of  Asparagin  Solutions  upon  the 
Germination  of  Alfalfa  Seeds  (Meclicago  sativa  L.). 

Experiment  A. 


STRENGTH   OF  SOLUTION". 


Perc:bntagb  op  Germination  (in  Days). 


(24  Hours), 


4. 


Normal,   . 
2  per  cent., 
1  per  cent., 
.5  per  cent., 
.25  per  cent., 
.1  per  cent., 


97 


Normal  average  (per  cent.), 88.0 

Asparagin  average  (percent.), 98.6 


Experiment  B. 


STRENGTH  OF   SOLUTION. 


Percentage  of  Germi- 
nation (IN  Days). 


(24  Hours) . 


Normal, 
2  per  cent., 
1  per  cent., 
.5  per  cent., 
.25  per  cent., 
.1  per  cent., 


90 
100 

99 
100 

98 
100 


Normal  average  (per  cent.),     , 
Asparagin  average  (per  cent.), 


90.0 
99.4 


Experiments  A  and  B  in  the  table  show  an  acceleration  in 
germination  as  well  as  a  gain  in  the  germinating  capacity. 
Experiment  ^  is  a  repetition  of  ^.  Both  experiments  lasted 
three  days  longer  than  indicated  by  the  table,  but  no  further 
germination  occurred  in  either. 

Table  II.  —  Showing  the  Effects  of  Asparagin  Solutions  upon  the 
Germination  of  Rape  Seeds  {Brassica  napus  L.). 


STRENGTH  OF  SOLUTION. 


Percentage  of  Germination. 


1 

S. 

.t. 

4. 

5. 

<t. 

7. 

S. 

ff. 

(24  Hours). 

2 

8 

16 

25 

1 

1 

2 

2 

4 

11 

23 

39 

47 

6 

5 

6 

6 

10 

10 

14 

17 

28 

5 

5 

6 

6 

10 

16 

22 

31 

41 

6 

7 

10 

12 

17 

28 

40 

51 

58 

1 

1 

1 

1 

3 

7 

25 

36 

49 

Normal, . 
2  per  cent., 
1  per  cent., 
.5  per  cent., 
.25  per  cent., 
.1  per  cent.. 


Normal  average  (per  cent.) 68.0 

Asparagin  average  (percent.), 88.8 


1901.] 


PUBLIC   DOCUMENT  — No.  31. 


165 


This  experiment  lasted  three  days  longer  than  indicated  in 
the  table,  and,  as  no  further  germination  occurred,  the  experi- 
ment was  discontinued. 


Table  III.  —  Showing  the  Effects  of  Asparagin  Solutions  upon  the 
Oermination  of  Canadian  Field  Pea  (^Experiment  A)  and 
Vetch  (^Experiment  B)  Seeds. 

Experiment  A. 


STRENGTH  OF  SOLUTION. 


Pbbcbntagb  of  Gbbmination 
(IN  Days). 


Normal, 
2  per  cent.,  . 
1  per  cent ,  , 
.5  per  cent.,  . 
.25  per  cent., 
.1  per  cent.,  . 


Normal  average  (per  cent.) , 
Asparagin  average  (per  cent.), 


100 
100 


Experiment  B. 


STRENGTH   OF  SOLUTION. 


Pbbcbntagb  of  Gbbmination 
(IN  Days). 


(24  Hours). 


Normal, 
2  per  cent.,  . 
1  per  cent  ,  . 
.5  per  cent.,  . 
.25  per  cent., 
.1  per  cent.,  . 


97 

99 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

Normal  average  (per  cent.) 99 

Asparagin  average  (per  cent.) 100 

On  account  of  the  especially  good  seed  used  in  these  ex- 
periments, the  results  merely  show  an  acceleration,  due  to 
the  asparagin. 
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Table  IV.  —  Showing  the  Effects  of  Asparagm  Solutions  upon  the 
Germination  of  Buckwheat  Seeds  (Fagopyrum  esculentum 
Moench) . 


STRENGTH  OF  SOLUTION. 


Percentage  of  Gebmination  (in  Dat8). 


(24  Hours). 


Normal, . 
2  per  cent.,  , 
1  per  cent.,  , 
.5  per  cent.,  . 
.25  percent.,. 
.1  per  cent.,  . 


79 


Normal  average  (per  cent.) 71.0 

Asparagm  average  (per  cent.) 81.6 

No   change  in  the  results  were   shown  when  experiment 
was  allowed  to  remain  two  days  longer. 


Table  V.  —  Showing  the  Effects  of  Asparagin  Solutions  upon  the 
Germination  of  Serradella  Seeds  (^Ornithopus  sativus). 


STRENGTH  OP  SOLUTION. 


Pbucentagb  of  Germination  (in  Days). 


(24  Hours). 


4. 


S. 


Normal, . 
2  per  cent.,     . 
1  per  cent., 
.5  per  cent  ,   . 
.25  per  cent.,. 
.1  per  cent.,    . 


Normal  average  (per  cent.),     .        . 55.0 

Asparagin  average  (per  cent.) 74.8 

The  seeds  in  this  experiment  failed  to  germinate  further 
than  shown  in  the  table.  Another  experiment  showed  a  cor- 
responding acceleration,  and  at  the  end  of  fifteen  days,  when 
no  more  seed  would  germinate,  the  normal  gave  54  per 
cent,  and  the  treated  averaged  79  per  cent.  One  experi- 
ment with  asparagus  seed  showed  an  acceleration  through- 
out, and  gave  for  the  normal  40  per  cent.,  while  the  treated 
was  45  per  cent.,  — a  gain  of  little  consequence. 


1901.] 


PUBLIC   DOCUMENT  — No.  31. 


167 


In  considering  the  results  of  asparagin  experiments  as  a 
whole,  we  find  that  the  average  percentage  of  germination 
for  the  normals  in  five  experiments  was  74.5  per  cent.  ;  that 
for  the  treated,  88.6  per  cent.  When  the  average  percent- 
age of  the  normal  is  compared  with  the  .5  per  cent,  asparagin 
solution,  we  obtain  88.8  per  cent,  for  asparagin  and  74.5 
per  cent,  for  the  normal. 

In  experiments  dealing  with  seeds  showing  a  small  germi- 
nating capacity,  some  allowance  must  be  made  for  individual 
variation,  and  it  is  better  to  use  a  large  number  of  seeds  in 
such  cases,  or,  what  is  better,  to  have  the  experiment  re- 
peated a  number  of  times  with  each  species.  Four  experi- 
ments, however,  of  one  hundred  seeds,  possess  more  value 
than  one  where  four  hundred  seeds  are  used.  After  due 
allowance  has  been  made  for  individual  variation,  it  will  be 
observed  that  the  asparagin  exerts  an  acceleration  upon  the 
germination  of  certain  seeds,  and  also  increases  their  germi- 
nating capacity.  The  various  solutions  of  asparagin  used 
show  no  detrimental  effect  upon  the  seeds. 

Experiments  with  Leucin  Solutions. 
Leucin,  like  asparagin,  is  an  amide,  and  is  found  frequently 
in  connection  with  the  latter  in  germinating  seeds  and  seed- 
lings. The  seeds  were  soaked  twelve  hours  in  different 
strengths  of  solutions,  and  then  rinsed  before  placing  them  in 
Zurich  germinators,  as  in  the  asparagin  experiments.  Tables 
yi.  and  VII.  give  the  result  of  two  experiments  with  leucin. 


Table  YI.  —  Showing  the  Effects  of  Leucin  Solutions  upon  the 
Germination  of  Buckwheat  Seeds  (Fagopyrum  esculentum 
Moench) . 


PEKCENTAGE   of   GrEBMINATION    (IN  DATS). 

STRENGTH  OP   SOLUTION. 

I 

(24  Hours). 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

11. 

Normal, 

20 

fifi 

68 

72 

72 

72 

72 

72 

1  per  cent 

_ 

20 

fil 

68 

70 

72 

73 

73 

74 

.6  per  cent 

_ 

20 

59 

VI 

76 

77     78 

80 

80 

.25  per  cent., 

_ 

n 

51 

64 

71 

74     74 

75 

80 

.1  per  cent., 

_ 

22 

66 

81 

89 

90     92 

92 

92 

.05  per  cent., 

~ 

21 

61 

74 

76 

78     78 

79 

80 

Normal  average  (percent.), 72  0 

Leucin  average  (per  cent.) 81  2 
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No  further  germination  took  place  in  the  untreated  seeds 
after  the  fifth  day. 

Table  VII.  —  Shoioing  the  Effects  of  Leucin  Solutions  upon  the 
Germination  of  Alfalfa  Seeds  (Medicago  sativa) . 


STRENGTH  OF  SOLUTION. 


Peecentagb  of  Germination  (in  Dats). 


(24  Hours) 


Normal,     . 
1  per  cent., 
.5  per  cent., 
.25  per  cent., 
.1  per  cent., 
.05  per  cent.. 


43 
43 
43 
46 
47 
51 


97 


Normal  average  (per  cent.), 90.0 

Leucin  average  (per  cent.), 97.0 

No  further  germination  took  place  in  the  untreated  seeds 
after  the  third  day.  Another  experiment  with  alfalfa  gave 
89  per  cent,  for  the  normal  and  98  per  cent,  for  the  treated 
seeds.  The  average  of  the  three  leucin  experiments  gave  83 
per  cent,  for  the  normal  and  92  per  cent,  for  the  treated. 
The  various  solutions  of  leucin  had  no  injurious  efiect  on  the 
seeds. 

Experi7iients  ivith  Pepsin  Solutions. 

Pepsin  is  a  proteolytic  ferment  (enzyme) ,  found  in  some 
seeds  during  germination,  and  is  capable  of  converting  non- 
difiusible  proteids  into  diffusible  ones.  The  seeds  in  the 
experiments  shown  in  the  two  tables.  VIII.  and  IX.,  were 
treated  as  in  the  preceding  ones. 

Table  VIII.  —  Showing  the  Effects  of  Pepsin  Solutions  upon  the 
Oermination  of  Crimson  Clover  Seeds  (Trifolium  incarna- 
tum  L.). 


STRENGTH   OP   SOLUTION. 


Percentage  of  Germination  (in  Days). 


(24  Hours) 


Normal,    . 
5  per  cent., 
2.5  per  cent., 
1  per  cent., 
.5  per  cent., 
.25  per  cent., 
.1  per  cent., 


Normal  average  (per  cent.), 
Pepsin  average  (percent.), 


28.00 
41  33 
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None  of  the  seeds  showed  any  further  germination  when 
left  five  days  longer.  Two  other  experiments  with  crimson 
clover  were  made  :  in  one  the  normal  seeds  gave  22  per  cent., 
the  average  of  the  treated  seeds  38,6  per  cent.  ;  in  the  other, 
the  normals  were  22  per  cent.,  while  the  average  treated 
ones  gave  33.8  per  cent.  The  average  of  the  three  crimson 
clover  experiments  is  :  normal  average,  24  per  cent.  ;  pepsin 
average,  34  per  cent.  The  best  results  were  obtained  by 
the  .25  per  cent,  solution  in  each  experiment,  and  by  com- 
paring the  results  of  this  treatment  we  have  for  the  normal 
averages  24  per  cent,  and  pepsin  averages  41  per  cent. 

Table  IX.  —  Showing  the  Effects  of  Pepsin  Solutions    upon   the 
Germination  of  Cucumber  Seeds  (^Cucumis  sativus  L.). 


Percentage  of  Q-bbmination  (in  Days). 

SOLUTION. 

1 
(24  Hours). 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

13. 

Normal,  . 
5  per  cent., 
2.5  per  cent.,  . 
1  per  cent.,      . 

.5  per  cent.,    . 

.25  per  cent.,  . 

.1  per  cent.,    . 

- 

4T 
63 
54 
62 
53 
48 
53 

51 
67 
67 
67 
56 
57 
56 

52 
70 
68 
70 

58 
58 
58 

53 
71 
70 
70 
58 
60 
60 

53 
71 
70 
70 
58 
60 
63 

53 
73 
71 
75 
63 
63 
69 

53 
76 
71 
75 
63 
65 
71 

53 
76 
71 
75 
66 
67 
72 

58 
76 
71 
77 
70 
70 
75 

58 
77 
71 
77 
70 
70 
75 

58 
77 
73 
77 
70 
70 
75 

N'ormal  average  (per  cent.), 58.00 

Pepsin  average  (per  cent.) 73.66 


None  of  the  seeds  showed  any  further  germination.  Another 
pepsin  experiment  with  cucumber  seeds  gave  for  the  normal 
51  per  cent,  and  an  average  of  the  treated  was  68  per  cent. 
Two  pepsin  experiments  with  vetch  (  Vicia  sativa)  gave 
precisely  the  same  percentages  of  germination  for  both  the 
normal  and  treated  seeds,  and  all  of  the  solutions  except 
the  .1  per  cent,  (which  accelerated  germination)  resulted  in 
a  retardation.  Yellow  lupine  seeds  (Lupinus  luteus)  treated 
with  the  various  pepsin  solutions  were  also  retarded,  and 
alfalfa  seeds  responded  to  pepsin  but  slightly.  It  is  known 
that  pepsin  does  not  exist,  or  at  least  has  not  been  detected, 
in  some  germinating  seeds.  Among  these  is  the  lupine,  and, 
from   the    results    of  the  foregoing  experiments,    it  would 
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appear  not  to  be  present,  or  at  any  rate  play  a  very  unimpor- 
tant role,  in  such  seeds  as  vetch  and  alfalfa. 

Waugh*  obtained  favorable  results  with  pepsin  on  tomatoes 
and  watermelon  seeds,  but  not  with  radish  seeds.  In  our 
experiments  the  seeds  showed  a  slight  tendency  to  mould  by 
the  use  of  pepsin. 

Experiments  with  Diastase  Solutions. 
Diastase,  the  starch-converting  ferment,  is  probably  the 
most  widely  distributed  enzyme  in  the  vegetable  kingdom, 
it  being  found  in  seeds  and  mature  parts  of  plants,  and  usually 
increasinof  durino-  the  mobilization  of  reserved  food  materials. 
The  official  solution  used  by  chemists  was  prepared  for  this 
experiment,  and  consisted  of  10  grams  of  fresh,  finely  ground 
malt,  mixed  with  200  cubic  centimeters  of  water.  This  we 
have  roughly  designated,  for  convenience,  as  a  5  per  cent, 
solution,  from  which  the  other  percentages  were  obtained. 
The  methods  of  treatment  follow  those  in  the  preceding 
experiments. 


Table  X.  —  Shoioing  the  Effects  of  Diastase  Solutions  upon  the 
Germination  of  Black  Barley  Seeds  (^Hordeum  sativum  Jessen) . 


Pebcentage  op  Germination  (in  Days), 

STRENGTH  OF  SOLUTION". 

1 
(24  Houre) . 

2. 

3. 

4. 

5. 

6. 

Normal, 

. 

75 

84 

88 

88 

88 

88 

5  per  cent.,  . 

14 

39 

63 

74 

85 

89 

2.5  per  cent,. 

71 

02 

95 

96 

97 

97 

1  per  cent.,  . 

80 

91 

94 

94 

94 

98 

.5  per  cent.. 

82 

95 

96 

97 

98 

98 

.25  per  cent., 

82 

93 

94 

96 

98 

98 

.1  per  cent.. 

81 

96 

96 

96 

96 

97 

.05  per  cent.. 

85 

93 

94 

94 

94 

94 

Normal  average  (per  cent.), 
Diastase  average  (per  cent.), 


95 


*  Tenth  annual  report,  Vermont  Experiment  Station,  pp.  106-111;  also  eleventh 
annual  report,  Vermont  Experiment  Station,  pp.  290-295. 
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Table  XL  —  Showing  the  Effects  of  Diastase  Solutions  upon  the 
Germination  of  Upland  Rice  Seeds  (^Oryza  sativa  L.). 


STRENGTH  OF  SOLUTION. 


Percbntaqb  of  Germination  (in  Days). 


(24  Hours). 


Normal,    . 
5  per  cent., 
2.5  per  cent., 
1  per  cent., 
.5  per  cent., 
.25  per  cent., 
.1  per  cent., 
.05  per  cent.. 


- 

28 

1 

32 

2 

32 

5 

43 

5 

41 

6 

39 

5 

42 

2 

48 

Normal  average  (per  cent.), 28.0 

Diastase  average  (per  cent.) 39.5 

Two  other  experiments  were  made,  with  black  barley  and 
with  wheat  seeds ;  the  results,  however,  are  of  no  conse- 
quence, inasmuch  as  the  treated  seeds  became  mouldy.  This 
troublesome  feature  constituted  the  worst  drawback  in  all  of 
the  diastase  experiments.  Waugh  experienced  the  same 
trouble  in  the  use  of  many  of  his  solutions.  This  difficulty 
does  not  lie  in  the  sterilization  of  the  germinating  appliances, 
but  in  the  use  of  the  solutions,  which  constitute  excellent 
media  for  mould  development.  We  therefore  made  the 
practice  of  rinsing  all  of  the  treated  seeds  with  water  before 
placing  them  in  the  germinators,  which  process  helps  keep 
down  the  moulds,  but  in  some  cases  the  moulds  would  appear 
even  after  the  seeds  had  been  rinsed.  The  results  obtained 
from  the  foregoing  experiments  have  already  been  sufficiently 
explained,  and  no  further  comment  upon  them  is  necessary 
here.  In  conclusion,  it  may  be  stated,  however,  that  the 
study  of  the  effects  of  amides  and  ferments  and  other  acceler- 
ated factors  upon  seeds  still  offers  a  field  for  investigation 
worthy  of  a  much  more  serious  consideration  than  that  given 
here. 
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REPOET   OF   THE   ENTOMOLOGISTS. 


C.    H.   FERNALD,    H.    T.    FERNALD. 


During  the  year  which  has  elapsed  since  the  last  report 
the  entomological  work  of  the  station  has  been  conducted  as 
usual,  and  with  satisfactory  results.  An  increasing  amount 
of  correspondence  shows  that  the  people  of  Massachusetts 
appreciate  the  opportunities  aiforded  them  for  assistance 
more  than  formerly,  and  are  availing  themselves  freely  of 
that  assistance. 

The  addition  of  a  very  complete  set  of  apparatus  for  the 
photography  of  insects  and  their  work  has  already  been  of 
much  advantage  to  the  division,  as  photographs  from  life  are 
now  being  made,  for  use  in  the  entomological  publications  of 
the  station.  The  equipment  in  this  line  includes  an  enlarg- 
ing, reducing  and  copying  camera,  a  Premo  camera  for  field 
work  and  another  for  use  in  photomicrography,  all  of  which, 
with  the  necessary  accessories,  are  in  constant  use. 

Last  spring  a  bulletin  on  the  grass  thrips  was  issued  from 
this  division,  being  a  presentation  of  the  practical  and  eco- 
nomic portions  of  the  paper  on  the  same  subject  by  Mr.  W.  E. 
Hinds,  which  was  published  as  an  appendix  to  the  last  annual 
report  of  the  college  ;  and  other  bulletins  on  various  important 
subjects  are  now  being  prepared.  A  catalogue  of  the  Cocci dge 
of  the  world  is  also  in  preparation,  and  will  probably  be 
ready  for  publication  during  the  coming  year.  Several 
papers  on  injurious  insects  have  been  written  by  Dr.  H.  T. 
Fernald,  and  published  l)y  the  secretary  of  the  Board  of 
Agriculture  of  Massachusetts. 

Many  of  the  entomological  bulletins  from  different  stations 
have  been  l)ound  for  preservation  and  more  convenient  refer- 
ence, and  a  number  of  valuable  recent  publications  have  been 
added  to  the  insectary  library. 
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Insects  of  the  Year. 
The  past  year  has  witnessed  few  serious  insect  attacls:s  in 
Massachusetts.  Why  this  was  the  case  is  difficult  to  deter- 
mine, though  it  is  possible  that  weather  conditions  last  spring 
were  in  a  measure  responsible.  An  early  warm  period,  con- 
tinuing long  enough  to  produce  some  of  the  earlier  changes 
in  insects  from  their  winter  conditions  toward  those  of  spring 
was  followed  by  a  colder  period,  which,  coming  after  the 
initial  changes  had  been  taken,  caught  the  insects  in  a  state 
where  they  were  unprepared  for  it,  and  may  have  caused  the 
death  of  so  many  as  to  reduce  their  numbers.  How  far  this 
explanation  holds,  however,  cannot  be  determined. 

The  8an  Jose  Scale. 

This  most  serious  pest  to  fruit  growers  has  been  present 
in  Massachusetts  a  number  of  years.  When  it  first  made  its 
appearance  in  the  State  it  was  believed  by  many  that  it  had 
reached  about  its  northern  limit  of  distribution,  and  that  its 
injuries  would  not  be  likely  to  be  serious  on  that  account. 
Time  has  shown,  however,  that  this  is  not  the  case,  and  that 
the  scale  can  not  only  become  a  very  serious  pest  here,  but 
that  it  can  survive  a  temperature  of  thirty  degrees  below 
zero.  The  past  summer,  perhaps  because  of  its  dryness, 
has  been  distinctly  favorable  to  the  rapid  increase  of  the 
scale  and  to  a  correspondingly  increased  destructiveness. 
As  early  as  July  19  currants  were  received  at  the  station  so 
thoroughly  covered  by  the  young  scales  as  to  make  them  un- 
salable, and  during  the  fall  apples  and  pears  were  received 
in  a  similar  condition.  Up  to  the  present  year  it  was  not 
known  that  fruit  in  Massachusetts  could  be  so  injured  by  the 
scale  as  to  prevent  its  sale,  though  fruit  trees  killed  by  it 
were  met  with  frequently.  Now,  however,  the  scale  has 
demonstrated  its  ability  to  attack  the  fruit  itself  in  this  lati- 
tude, and  this  must  call  the  attention  of  fruit  raisers  to  the 
necessity  of  giving  the  most  careful  attention  to  their  trees, 
if  they  desire  to  sell  their  products. 

The  scale  has  now  been  received  from  thirty-seven  diiferent 
towns  in  the  State,  and  in  all  probability  it  occurs  in  as 
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many  more.  It  is  believed  to  have  been  exterminated  in 
three  places  and  in  several  others  to  be  under  control,  but, 
as  it  is  being  sent  in  from  other  States  on  nursery  stock 
each  year,  it  is  but  a  question  of  time  when  it  will  be  pres- 
ent in  almost  every  orchard,  and  destroy  many  of  our  orna- 
mental trees  and  shrubs  as  well.  That  this  is  more  than 
a  mere  fear  is  shown  by  the  remark  of  a  nurseryman  in 
another  State  recently,  when  refused  a  certificate  of  inspec- 
tion because  of  the  presence  of  this  scale  :  "Well,  I  can  fill 
my  Massachusetts  orders  with  this  stock,  any  way." 

Much  of  the  correspondence  of  the  division  of  entomology 
has  been  about  this  and  the  other  common  scales,  and,  as 
little  literature  on  the  subject  has  recently  been  published  in 
this  State,  a  bulletin  is  being  prepared  upon  these  insects 
and  the  best  methods  of  treatment  for  them. 

Seventeen-year  Locust. 
This  interesting  insect  appeared  last  June  on  Martha's 
Vineyard  in  considerable  abundance.  As  this  is  the  only 
place  east  of  Pennsylvania  where  the  brood  due  in  1900  has 
been  found,  it  seemed  desirable  to  make  investigations  as  to 
the  accuracy  of  previous  observations,  and  to  ascertain,  if 
possible,  whether  this  isolated  colony  was  holding  its  own. 
Through  the  kindness  of  Mr.  George  Hunt  Luce  of  West 
Tisbury,  the  necessary  information  and  specimens  were 
obtained,  from  which  it  appears  that  the  brood  is  a  well- 
known  one  on  the  island,  and  was  as  much  in  evidence  as 
ever  this  year. 

Birch  Bucculatrix. 
During  September  the  birches  were  seriously  attacked  by 
the  caterpillars  of  this  insect,  causing  the  leaves  to  become 
brown  and  noticeable,  even  at  some  distance.  The  injury 
was  most  apparent  in  the  southern  half  of  the  State,  except 
in  the  Connecticut  valley,  where  it  extended  northward 
nearly  to  the  State  line.  In  1887,  1890  and  1892  this  in- 
sect was  very  abundant  and  destructive  in  Massachusetts, 
and  has  been  present  in  smaller  numbers  every  year.  As  it 
does  not  attract  particular  attention  generally,  it  is  not  im- 


1901.]  PUBLIC   DOCUMENT  — No.  31.  175 

probable  that  little  will  be  seen  of  it  in  1901,  or,  if  abundant, 
that  it  will  appear  in  the  northern  portions  of  the  State, 
which  escaped  this  year. 

Marguerite  Fly. 
This  little  pest  was  sent  to  the  station  in  February,  1900, 
with  the  statement  that  it  was  destroying  the  marguerites  in 
the  greenhouses  of  the  sender.  Careful  studies  upon  its  life 
history  and  methods  for  its  destruction  were  at  once  com- 
menced, and  are  now  nearly  completed.  A  successful,  easy 
and  inexpensive  treatment  for  it  has  been  discovered,  and  it 
is  hoped  that  the  results  of  the  work  will  soon  be  in  readi- 
ness for  publication. 

Greenhouse  Aleurodes. 

This  insect  has  also  caused  much  destruction  in  green- 
houses in  the  State  during  the  past  year,  a  loss  of  four  thou- 
sand dollars  having  been  reported  in  one  case,  the  damage 
being  to  early  tomatoes  and  cucumbers,  which  were  com- 
pletely destroyed.  Thorough  investigations  of  the  structure 
and  life  history  of  this  insect  are  now  being  carried  on  at 
the  insectary,  together  with  a  search  for  methods  which  will 
ensure  its  control. 

Fall  Canker  Worm. 

Little  has  been  published  upon  the  life  history  of  the  fall 
canker  worm.  During  the  year  this  insect  has  been  raised 
from  the  egg,  and  its  various  stages  fully  described,  much 
being  added  to  our  previous  knowledge  of  the  subject. 

Pea-vine  Louse. 
Less  has  been  heard  about  this  insect  than  in  1899,  though 
it  has  caused  considerable  loss  in  several  places  in  the  State. 
Whether  it  will   increase  in  importance  during  1901  is  at 
least  doubtful. 

Faunal  Distribution. 
The  distribution  of  insects  is  one  of  great  interest  and  im- 
portance.    Many  of  our  worst  pests  will  in  all  probability 
never  extend  as  far  north  as  Massachusetts,  where  the  climatic 
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conditions  are  unfit  for  tlieir  continued  existence.  Certain 
portions  of  the  State,  however,  appear  to  be  so  different 
from  others  in  these  regards  that  some  insects  may  thrive 
there  while  unable  to  live  elsewhere.  It  is  of  the  utmost 
importance,  therefore,  to  be  able  to  locate  these  regions  and 
their  approximate  limits,  that  we  may  know  what  the  range 
of  new  insect  foes  will  probably  be.  To  this  task  the  ento- 
mological division  is  giving  much  attention,  already  with 
many  interesting  and  valuable  results. 
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REPORT   OF   THE   METEOROLOGIST. 


JOHN   E.    OSTRANDER. 


During  the  year,  as  in  previous  years,  the  work  of  this 
division  has  been  mainly  that  of  taking  observations  of  the 
various  features  of  the  weather,  and  transcribing  the  records 
in  convenient  form  for  reference  and  preservation.  With 
the  report  of  last  year  were  published  the  means  of  many  of 
the  records  for  a  period  of  ten  years.  These  results  are  now 
assumed  to  indicate  normal  conditions  at  this  station,  and 
the  monthly  means  are  compared  with  them,  for  the  purpose 
of  determining  variation  from  the  normal. 

Bulletins  of  four  pages  each  have  been  regularly  issued  at 
the  beginning  of  each  month,  giving  the  more  important 
daily  records,  together  with  mean  monthly  conditions  and 
remarks  on  any  unusual  features  of  the  month.  The  usual 
annual  summary  will  be  prepared  and  published  with  the 
December  bulletin. 

The  New  Eno-land  section  of  the  United  States  Weather 
Bureau  has  furnished  daily,  except  Sunday,  throughout  the 
year  the  local  forecasts  for  the  weather  of  the  following  day, 
and  the  signals  have  been  displayed  from  the  flag  staff  on  the 
tower.  At  the  request  of  the  section  director,  the  weekly 
snow  reports  are  being  sent  to  the  Boston  office  this  season, 
as  has  been  done  the  past  few  years. 

The  observations  for  the  determination  of  the  amount  of 
soil  moisture  by  the  electrical  method  were  started,  but, 
owing  to  the  failure  of  the  apparatus  to  give  any  concordant 
results,  the  work  was  abandoned  after  an  unsuccessful  attempt 
to  remedy  the  defects.  The  electrodes  tried  were  those  that 
last  year  gave  fairly  satisfactory  results  ;  the  reason  for  their 
failure  this  year  is  not  apparent.     It  is  evident  to  the  divi- 
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sion  that  further  work  with  our  present  equipment  would  be 
unprofitable. 

The  true  meridian  established  here  two  years  ago  has  en- 
abled the  division  to  begin  a  series  of  observations  on  the 
declination  of  the  needle.  These  observations  are  taken 
monthly,  and  the  readings  entered  in  the  yearly  record  book. 
The  results  will  be  of  value  in  deducing  a  formula  for  varia- 
tion in  declination  for  this  locality,  and  also  in  making  sur- 
veys with  the  compass. 

The  only  addition  to  the  equipment  during  the  year  con- 
sists of  an  "  adder,"  for  facilitating  the  computation  of  mean 
daily  temperatures  from  the  hourly  readings  on  the  Draper 
temperature  chart. 

At  the  opening  of  the  college,  in  September,  Mr.  A.  C. 
Monahan,  the  observer,  retired  from  the  division,  and  was 
succeeded  by  the  assistant  observer,  Mr.  C.  S.  Rice. 


1901.]  PUBLIC   DOCUMENT  — No.  31.  179 


KEPORT   OF   THE   AGRICULTURIST. 


"WM.   P.   BROOKS  ;    ASSISTANT,    H.    M.   THOMSON. 


The  work  of  the  agricultural  division  of  the  experiment 
station  has  been  carried  on  during  the  past  year  upon  the 
same  general  lines  as  those  which  have  been  followed  in 
recent  years.  The  usual  variety  of  problems  has  presented 
itself  for  experimental  inquiry,  and  the  work  has  been  more 
extensive  than  in  any  previous  year.  As  in  previous  years, 
a  very  large  share  of  our  attention  has  been  directed  to  solv- 
ing some  of  the  many  problems  connected  with  the  use  of 
manures  and  fertilizers.  Our  experiments  in  this  line  em- 
ploy three  distinct  methods,  viz.,  plot  experiments  in  the 
open  field,  experiments  in  cylinders  plunged  to  the  rim  in 
the  ground,  and  pot  experiments.  The  results  of  the  last 
two  will  not  be  discussed  in  this  report. 

Plot  Experiments. 

A  considerable  number  of  these  has  been  carried  out  upon 
our  own  grounds.  On  these,  we  have  used  one  hundred 
and  sixty-five  plots,  varying  in  size  from  about  one-fortieth 
of  an  acre  in  case  of  some  experiments  to  two  or  three  acres 
in  others,  the  average  size  of  the  plots  being  perhaps  about 
one-tenth  of  an  acre.  Fifty-five  plots  have  been  used  in 
such  experiments  upon  land  hired  for  the  purpose.  The 
nature  of  the  experiments  carried  out  upon  these  plots  will 
be  made  plain  by  the  following  statement :  — 

To  determine  the  relative  value  of  barnyard  manure,  nitrate 
of  soda,  sulfate  of  ammonia  and  dried  blood  as  sources  of  nitro- 
gen, and  the  extent  to  which  the  introduction  of  a  crop  of  the 
clover  family  can  make  the  use  of  nitrogen  unnecessar}^,  — 
eleven  plots. 

To  determine  the  relative  value  of  muriate  and  of  sulfate 
of  potash  used  in  connection  with  bone  meal, — eleven  plots. 
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To  determine  the  relative  value  of  nitrate  of  soda,  sulfate 
of  ammonia  and  dried  blood  as  sources  of  nitrogen,  and  of 
muriate  of  potash  and  sulfate  of  potash  as  sources  of  potash 
for  garden  crops,  —  seven  plots. 

To  determine  the  relative  value  of  kainite,  and  of  the 
muriate,  high-grade  sulfate,  low-grade  sulfate,  carbonate, 
silicate  and  nitrate  as  sources  of  potash,  —  forty  plots. 

To  determine  the  relative  efficiency  of  equal  money's  worth 
of  dissolved  bone-black,  ground  South  Carolina  rock,  ground 
Florida  phosphate,  Mona  guano  and  phosphatic  slag  as 
sources  of  phosphoric  acid,  —  six  plots. 

To  determine  the  relative  efficiency  of  equal  quantities  of 
phosphoric  acid,  furnished  in  the  following  materials  :  acid 
phosphate,  dissolved  bone-black,  dissolved  bone,  fine-ground 
raw  bone,  fine-ground  steamed  bone,  fine-ground  South  Car- 
olina phosphate,  fine-ground  Florida  phosphate,  phosphatic 
slag,  apatite,  Navassa  phosphate,  — thirteen  plots. 

To  determine  the  relative  value  of  manure  alone,  as  com- 
pared with  a  smaller  quantity  of  manure  and  a  moderate 
amount  of  potash,  for  the  corn  crop,  — four  plots. 

To  determine  the  relative  value  of  mixtures  of  fertilizer 
materials,  furnishing,  on  the  one  hand,  nitrogen,  phosphoric 
acid  and  potash  in  the  same  proportions  as  in  average  corn 
fertilizers,  and  a  mixture  of  similar  materials  containing  more 
potash,  —  four  plots. 

Soil  test  with  mixed  grass  and  clover,  — fourteen  plots. 

Soil  test  and  experiment  to  determine  the  effect  of  liming 
for  onions, — twenty-four  plots. 

Experiment  in  manuring  grass  lands,  — three  plots. 

Experiment  to  determine  the  value  of  nitrate  of  soda  for 
the  rowen  crop,  — twelve  plots. 

Experiment  in  the  use  of  fertilizers  for  orchard  trees,  — 
five  plots. 

Experiment  to  determine  the  relative  efficiency  of  manure 
hauled  and  spread  as  fast  as  made,  compared  with  manure 
put  into  large  piles  and  spread  in  the  spring,  — ten  plots. 

Alfalfa,  on  which  the  effect  of  liming  the  soil  is  being 
studied,  occupies  four  plots. 

One  of  the  plot  experiments  upon  hired  land  has  for  its 
object  the  determination  of  the  value  of  nitragin,  or  germ 
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fertilizer,  for  various  legumes,  and  includes  forty  plots ; 
while  fifteen  plots  in  another  locality  have  been  used  in  a 
soil  test  with  grass  as  the  crop. 

Most  of  the  problems  upon  which  we  hope  to  obtain  light 
by  means  of  these  experiments  have  engaged  our  attention 
for  a  number  of  years.  As  might  naturally  be  expected,  the 
results  are  somewhat  affected  by  season,  as  well  as  by  numer- 
ous other  causes  which  are  not  fully  under  control.  Results 
in  some  cases  have  varied  to  some  extent  from  year  to  year, 
and  such  variation  must  always  be  looked  for  in  experiments 
of  this  character.  This  variation,  of  course,  renders  inter- 
pretation of  the  results  a  matter  of  much  difficulty.  More- 
over, from  the  very  nature  of  the  questions  engaging  our 
attention,  it  is  necessary  that  the  work  should  continue  over 
a  considerable  series  of  years  before  conclusions  of  general 
interest  and  importance  can  be  drawn.  It  does  not,  there- 
fore, seem  best  to  publish  in  full  the  details  concerning  any 
considerable  number  of  these  experiments.  Attention,  how- 
ever, will  be  called  to  some  of  the  conclusions  which  it  is 
believed  are  fully  warranted  by  the  results,  not  of  the  past 
year  alone,  but  of  a  continuous  line  of  investigations  touch- 
ing these  points,  many  of  which  have  continued  for  ten  or 
more  years. 


I.  —  The     Relative    Value    of    Manures     furnishing 

Nitrogen. 
The  experiments  on  which  the  conclusions  now  to  be 
stated  are  based  have  been  carried  out  on  Field  A,  and  a 
detailed  description  of  the  plan  of  experiment  followed  will 
be  found  in  our  twelfth  annual  report.  These  experiments 
were  begun  in  1890,  and  the  crops  grown  have  been  oats, 
rye,  soy  beans,  oats,  soy  beans,  oats,  soy  beans,  oats,  oats, 
clover  and  potatoes.  As  the  result  of  these  experiments, 
we  have  found,  taking  into  account  all  experiments  from  the 
beginning  of  the  work  up  to  date,  that  the  various  manures 
supplying  nitrogen  rank  in  the  following  order  :  nitrate  of 
soda,  barnyard  manure,  sulfate  of  ammonia  and  dried  blood. 
If  we  allow  numbers  to  express  the  relative  efficiency  of 
these  materials,  their  standing  is  as  follows  :  nitrate  of  soda, 
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100 ;   barnyard  manure,  90  ;   sulfate  of  ammonia,  89  ;   dried 
blood,  86  ;  the  plots  receiving  no  nitrogen,  68. 

It  should  be  pointed  out :  (a)  That  the  figure  for  barn- 
yard manure  is  probably  not  a  correct  indication  of  the  rela- 
tive efiiciency  of  the  nitrogen  it  contains,  because  barnyard 
manure  supplies  humus  and  considerable  quantities  of  lime, 
magnesia  and  other  minerals  which  are  not  supplied  by  the 
fertilizers  used  on  the  other  plots.  These  constituents  of  the 
barnyard  manure  are  in  almost  all  cases  useful.  The  crops 
where  manure  is  used,  therefore,  stand  relatively  higher  than 
the  availability  of  the  nitrogen  alone  would  warrant,  (6)  It 
is  important  to  point  out,  further,  that  the  relative  standing 
of  the  sulfate  of  ammonia  is  lower  than  it  undoubtedly  would 
have  been  had  lime  been  more  largely  used.  Before  these 
plots  were  limed  the  crops  in  some  years  were  almost  an 
absolute  failure.  Comparing  the  yields  on  the  sulfate  of 
ammonia  with  those  on  the  nitrate  plots  for  the  years  only 
which  immediately  follow  the  application  of  lime,  we  find, 
representing  the  yield  on  the  nitrate  of  soda  as  100,  that  the 
yield  of  the  sulfate  of  ammonia  is  101.  The  conclusion  is 
inevitable,  that,  if  we  are  to  depend  upon  sulfate  of  ammonia 
as  a  source  of  nitrogen,  we  shall  be  obliged  upon  many  of 
our  soils  to  occasionally  use  considerable  quantities  of  lime 
in  connection  with  it.  Since,  however,  a  given  quantity  of 
nitrogen  in  the  form  of  sulfate  of  ammonia  costs  more  than 
the  same  quantity  in  the  form  of  nitrate  of  soda,  it  is  evident 
that  the  latter  should  usually  be  preferred.  The  nitrate  of 
soda,  however,  is  not  so  readily  used  in  mixture  with  other 
fertilizers,  on  account  of  its  tendency  to  become  moist. 
Such  materials  as  sulfate  of  ammonia  and  dried  blood  are  far 
more  likely  to  remain  dry,  and  can  therefore  be  more  readily 
incorporated  with  other  materials  in  manufacturing  fertilizers 
or  in  making  home  mixtures. 

II.  —  Crops  of  the    Clover   Family  (Leguivies)   as   Ni- 
trogen Gatherers. 
This   experiment  is   carried  out  in   connection   with   the 
experiments  to  determine  the  relative  value  of  difierent  ma- 
terials furnishing  nitrogen  on  Field  A.     Both  soy  beans  and 


1901.] 


PUBLIC   DOCUMENT  — No.  31. 


183 


clover  have  been  used,  the  former  during  three  years,  the 
latter  one  year ;  but  it  should  be  understood  that  the  crops 
of  both  are  harvested.  We  have  aimed  to  test,  not  the  effect 
of  ploughing  under  these  crops,  but  simply  the  improve- 
ment, if  any,  derived  from  their  roots  and  stubble.  The 
results  indicate  little  or  no  improvement  in  the  condition  of 
the  soil  following  culture  of  the  soy  bean,  while  a  great  im- 
provement followed  the  turning  under  of  the  clover  sod. 
The  following  table,  with  the  curve  below  it,  will,  it  is  be- 
lieved, make  these  facts  clear  :  — 
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The  plots,  three  in  number,  from  which  the  average  of 
the  so-called  no-nitrogen  plots  was  obtained,  have  received 
no  nitrogen-containing  manure  or  fertilizer  since  1884.  The 
past  season,  therefore,  is  the  sixteenth  since  these  plots  have 
been  manured  with  anything  containing  nitrogen.  The  fact 
that  after  this  long  period  potatoes  on  a  clover  sod  give  a 
crop  amounting  to  95.3  per  cent,  of  that  on  plots  which 
have  yearly  received  a  fair  amount  of  manure  or  fertilizer 
containing  nitrogen  is  certainly  one  of  much  significance, 
and  strikingly  illustrates  the  advantage  which  may  be  de- 
rived from  the  growth  of  clover  under  appropriate  conditions. 
The  actual  yields  of  potatoes  this  year,  although  not  large, 
were  good ;  the  no-nitrogen  plots  giving  a  yield  at  the  rate 
of  209  bushels  to  the  acre,  and  the  nitrogen  plots  an  average 
yield  at  the  rate  of  219.3  bushels  per  acre. 

HI.  —  The  Relative  Value  of  Muriate  and  High-grade 
Sulfate  of  Potash. 

The  experiments  on  which  the  following  statements  con- 
cerning relative  value  are  based  have  been  carried  out  on 
Field  B,  and  have  been  in  progress  since  1892.  The  potash 
salts  named  are  used  in  equal  quantities,  each  continuously 
upon  one-half  of  the  plots,  while  all  the  plots  have  received 
a  yearly  application  of  fine-ground  bone  at  the  rate  of  600 
pounds  per  acre  throughout  the  entire  period.  The  potash 
salts  were  used  yearly,  at  the  rate  of  400  pounds  per  acre,  from 
1892  to  1899.  During  the  past  year  they  have  been  applied 
at  the  rate  of  250  pounds  per  acre.  Full  details  concerning 
these  experiments  will  be  found  in  recent  annual  reports. 

During  the  time  that  this  experiment  has  continued  the 
following  crops  have  been  grown  on  the  field  :  potatoes,  field 
corn,  sweet  corn,  grasses,  oats  and  vetch,  barley  and  vetch, 
winter  rye,  clovers  of  various  kinds,  sugar  beets,  soy  beans 
and  cabbages.  Crops  have  generally  been  good.  Among 
these  crops  the  potatoes,*  clovers,  cabbages  and  soy  beans 

*  Potatoes  have  been  grown  upon  our  grounds  under  conditions  making  it  possible 
to  compare  the  yield  of  sulfate  of  potash  with  that  of  muriate  of  potash  in  fourteen 
different  experiments ;  and  as  the  average  of  all  these  experiments,  if  we  represent 
the  yield  of  sulfate  of  potash  by  100,  that  of  muriate  is  represented  by  the  number 
94.1,  and  in  almost  all  instances  the  potatoes  on  the  sulfate  have  been  richer  in  starch 
and  of  better  eating  quality  than  those  raised  on  the  muriate. 
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have  with  very  few  exceptions  done  much  the  best  on  the 
sulfate  of  potash;  while  the  yield  of  corn,  grasses,  oats, 
barley,  vetches  and  sugar  beets  has  been  equally  good  on 
the  muriate.  The  quality  of  the  crops  of  potatoes  and  sugar 
beets  produced  by  the  sulfate  of  potash  plots  has  been  dis- 
tinctly better  than  that  of  the  crops  produced  on  muriate  of 
potash.  Taking  all  the  crops  except  the  clovers  into  con- 
sideration, if  we  represent  the  efficiency  of  the  high-grade 
sulfate  of  potash  by  the  number  100,  that  of  the  muriate 
of  potash  is  98.1.  Taking  into  account  only  those  crops 
shoAving  the  preference  for  the  sulfate  of  potash,  and  repre- 
senting the  efficiency  of  that  salt  by  the  number  100,  the 
efficiency  of  the  muriate  of  potash  is  88.6.  The  present 
difference  in  price  between  the  two  salts  is  only  about  $5 
per  ton.  The  conclusion,  therefore,  appears  to  be  warranted, 
that,  under  conditions  similar  to  those  prevailing  in  this  ex- 
periment, the  selection  of  the  sulfate  rather  than  the  muriate 
is  wise. 

Further,  in  estimating  the  significance  of  our  results,  it 
should  be  kept  in  mind  that  the  continued  use  of  muriate  of 
potash  causes  the  loss  with  drainage  waters  of  large  amounts 
of  lime.  In  the  experiments  on  which  the  conclusions  above 
stated  are  based  we  have  yearly  supplied  a  large  amount  of 
lime  in  the  bone  meal  used,  and  accordingly  the  productive- 
ness of  the  field  even  where  the  muriate  of  potash  has  been 
used  has  been  fairly  well  maintained.  Eesults  on  other  fields 
on  our  farm  indicate  that  when  not  used  in  connection  with 
lime  the  muriate  of  potash  stands  much  lower  than  the  sulfate 
within  comparatively  few  years.  Whoever  under  ordinary 
conditions  uses  muriate  of  potash  continuously,  must  sooner 
or  later  lime  his  land  ;  and  this  is  equally  true,  whether  the 
farmer  purchases  muriate  of  potash  and  applies  it  by  itself 
or  in  a  home-made  mixture,  or  if  it  is  the  source  of  the  pot- 
ash in  a  mixed  fertilizer  which  he  purchases.  In  deciding 
upon  the  purchase  of  any  of  the  ordinary  fertilizers  upon 
the  market,  it  is  important  to  inquire  whether  the  potash 
found  in  the  fertilizer  is  present  in  the  form  of  muriate  or 
in  the  form  of  sulfate ;  and,  other  things  being  equal,  the 
fertilizer  containing  its  potash  in  the  form  of  sulfate  should 
be  selected,  unless  the  soil  on  which  the  material  is  to  be 
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used  is  exceptionally  light.  The  soil  in  the  experiments  on 
which  the  conclusions  here  presented  are  based  is  a  medium 
loam.  On  a  lighter  soil  the  results  would  possibly  be  more 
favorable  to  the  muriate. 

As  has  been  stated,  the  yield  of  the  clovers  has  not  been 
taken  into  account  in  making  the  calculations  upon  which 
the  statements  concerning  the  relative  efficiency  of  the  two 
potash  salts  are  based.  The  reason  why  they  have  not  been 
so  taken  into  account  is  because  there  have  always  been 
more  or  less  weeds  produced  among  the  clovers,  and  these 
have  not  been  separated.  The  amount  of  weeds  has  natur- 
ally been  greater  in  proportion  as  the  clovers  have  been 
thinner  and  poorer.  The  figures,  therefore,  showing  yields 
on  the  several  plots  in  the  form  of  hay,  including  the  weight 
of  the  dried  weeds  as  well  as  the  weights  of  the  dried 
clovers,  do  not  correctly  represent  the  effect  of  the  fertiliz- 
ers ;  accordingly,  these  figures  have  been  discarded.  There 
is,  however,  not  the  slightest  doubt  that  in  its  effects  upon 
the  growth  of  the  clovers  the  sulfate  of  potash  stands  dis- 
tinctly ahead  of  the  muriate.  In  some  years  and  upon  some 
plots  the  difference  has  been  very  large,  at  other  times  it  has 
been  smaller,  and  in  a  few  instances  the  weight  of  the  har- 
vested product  grown  on  muriate  of  potash  has  slightly 
exceeded  that  grown  on  the  sulfate.  It  is  without  hesita- 
tion, however,  that  farmers  are  advised  to  employ  sulfate  of 
potash  rather  than  the  muriate,  where  good  clover  crops  are 
desired,  particularly  unless  prepared  to  use  lime  as  well  as 
potash  salts  liberally.  If  lime  be  liberally  used,  as  indicated 
by  our  experiments  on  other  fields,  good  clover  can  be  grown 
on  muriate  of  potash ;  but  the  combined  cost  of  the  lime  and 
muriate  will  in  most  cases  exceed  the  cost  of  the  sulfate. 

lY. —Field  C. 

A.  The  Relative  Value  of  Nitrate  of  Soda,  Sulfate  of 
A'm7nonia  and  Dried  Blood  as  Sources  of  Nitrogen. 
The  experiments  upon  which  the  conclusions  now  pre- 
sented are  based  have  been  in  progress  since  1891,  each  of 
the  several  sources  of  nitrogen  being  applied  yearly  through- 
out the  entire  period  upon  the  same  plot.    The  crops  grown 
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during  this  series  of  years  have  included  spinach,  lettuce, 
onions,  garden  peas,  table  beets,  early  cabbages,  late  cab- 
bages, potatoes,  tomatoes,  squashes,  turnips,  sweet  corn  and 
celery,  and  each  of  these  as  a  rule  has  been  grown  a  number 
of  years.  Up  to  1898,  chemical  fertilizers  alone  were  em- 
ployed in  these  experiments.  During  the  past  three  years 
stable  manure  has  been  applied  in  equal  quantities  to  each 
of  the  plots,  while  the  chemical  fertilizers  have  been  used 
in  the  same  amounts  and  applied  to  the  same  plots  as  at  first. 
Taking  into  account  the  period  when  chemical  fertilizers  only 
were  used,  and  the  crops  (spinach,  lettuce,  onions,  table 
beets,  garden  peas  and  early  cabbages)  whose  period  of 
growth  is  the  comparatively  early  part  of  the  season,  we 
find  the  relative  efficiency  of  the  diflferent  materials  used  as 
the  source  of  nitrogen  :  — 

Nitrate  of  soda, 100.0 

Dried  blood,     .        .        . 86.6 

Sulfate  of  ammonia,        .         .        ...        .        .        .        83.6 

For  the  same  period,  and  taking  into  account  those  crops 
(tomatoes,  garden  beans  and  sweet  corn)  making  much  of 
their  growth  after  hot  weather  fairly  sets  in,  we  find  the 
relative  standing  as  follows  :  — 

Nitrate  of  soda,        . 100.0 

Dried  blood, 97.8 

Sulfate  of  ammonia, 103.5 

For  the  period  since  manure  has  been  applied,  and  taking 
into  account  the  early  crops  only  (spinach,  lettuce,  table 
beets,  onions,  garden  peas  and  potatoes),  the  relative  stand- 
ins:  is :  — 


"& 


Nitrate  of  soda,        .        .        .        .        .        .        .         .100.0 

Dried  blood, 88.8 

Sulfate  of  ammonia, 61.7 

For  the  same  period,  taking  into  account  the  aggregate 
yield  of  all  the  late  crops  (tomatoes,  cabbages,  turnips, 
squashes  and  celery) ,  the  relative  standing  is  :  — 

Nitrate  of  soda,       ,        .        .        .        .        .        .        .100.0 

Dried  blood, 97.8 

Sulfate  .of  ammonia,        .        ,        ,        ,        .        „        .        91.9 
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With  one  exception,  it  will  be  seen  that  the  nitrate  of  soda 
here,  as  in  the  case  of  the  field  crops,  proves  the  most  effi- 
cient source  of  nitrogen.  Its  superiority  is,  however,  much 
more  marked,  as  should  be  expected,  because  it  is  immedi- 
ately available,  for  the  early  crops.  For  the  late  crops  in 
one  instance  during  the  earlier  years  of  the  experiment  the 
sulfate  of  ammonia  exceeded  the  nitrate  of  soda  in  efficiency, 
but  during  the  later  years  of  the  experiment  it  has  stood  be- 
hind, even  for  these  crops.  It  should  be  stated,  further,  in 
comment  upon  these  results,  that  on  one-half  the  plots  in 
these  experiments  muriate  of  potash  is  used  in  connection 
with  the  various  nitrogen  manures.  The  combination  of  sul- 
fate of  ammonia  and  muriate  of  potash,  as  has  been  repeat- 
edly pointed  out  in  former  reports,  is  a  bad  one,  owing  to 
the  possible  formation  and  poisonous  influence  of  chloride 
of  ammonia.  It  should  be  further  pointed  out  that  this  field 
has  not  received  the  application  of  any  lime  throughout  the 
years  during  which  it  has  been  under  experiment.  The 
availability  of  the  sulfate  of  ammonia  would  undoubtedly  be 
increased  by  giving  this  soil  a  heavy,  dressing  of  lime,  since 
the  presence  of  lime  promotes  those  changes  w^hich  are  essen- 
tial to  convert  the  nitrogen  of  the  sulfate  of  ammonia  into 
nitrates,  which  are  the  most  readily  available  nitrogen  com- 
pounds. 

B.  Relative  Value  of  Sulfate  and  Muriate  of  Potash  for' 
Garden  Crops. 
The  period  during  which  the  experiments  upon  which  the 
conclusions  now  to  be  stated  are  based  and  the  crops  grown 
are  the  same  as  in  the  case  of  the  nitrogen  fertilizers  above 
discussed,  and  the  relative  standing  of  the  two  potash  salts 
is  shown  for  the  same  periods  and  crops. 


Before  Manure  was  iised,  — 

1891-97. 

Early  Crops. 

Late  Crops- 

Sulfate  of  potash 

Muriate  of  potash,  .        .        , 

100.0 
91.3 

100.0 
91.6 
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After  Manure  loas  used, 

—  1898-1900. 

Early  Crops. 

Late  Crops, 

100.0 
86.1 

100.0 

98.8 

It  should  be  noted  that  the  muriate  of  potash  stands  much 
below  the  sulfate  for  all  the  periods,  its  inferiority  being  par- 
ticularly marked  in  the  case  of  the  early  crops.  This  marked 
inferiority  in  the  latter  years  of  the  experiment  for  the  early 
crops  is  doubtless  in  considerable  measure  due  to  the  fact 
that  the  yields  of  such  crops  on  the  one  plot  where  the  muri- 
ate of  potash  and  sulfate  of  ammonia  are  used  together, 
which  has  always  been  exceedingly  small,  with  the  progress 
of  time  appear  to  be  growing  relatively  worse.  This  is 
doubtless  due  in  some  measure  to  the  fact  that  the  continued 
use  of  muriate  of  potash  has  caused  the  loss  of  considerable 
lime,  —  an  effect  which  had  been  noted  and  reported  in  a 
number  of  previous  years. 

The  yields  on  the  muriate,  it  may  be  said  in  conclusion, 
could  undoubtedly  be  brought  much  nearer  those  on  the  sul- 
fate by  heavily  liming  the  field. 

V.  —  The  Eelative  Value  of  Different   Phosphates. 

(Field  F.) 

The  phosphates  under  comparison  in  this  experiment 
(which  was  begun  in  1890)  have  been  applied  on  the  basis 
of  equal  money's  worth,  the  idea  being  to  determine  whether 
it  is  more  profitable  to  employ  cheaper  natural  phosphates  or 
one  of  the  higher-priced  dissolved  phosphates.  The  plan 
of  the  experiment  has  been  outlined  in  previous  reports. 
It  is  necessary  to  state  here,  for  clearness  only,  the  follow- 
ing points  :  — 

The  phosphates  compared  on  the  basis  of  equal  money's 
worth  are  dissolved  bone-black,  ground  South  Carolina  rock, 
ground  Florida  rock,  Mona  guano  and  phosphatic  slag. 
These  phosphates  were  liberally  applied  during  four  years 
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(1890  to  1893,  inclusive).  Since  1893  no  phosphate  has 
been  applied  to  any  part  of  the  field.  All  plots  from  the 
beginning  were  liberally  manured  with  materials  furnishing 
nitrogen  and  potash,  and  this  manuring  has  continued  on  an 
even  more  liberal  scale  since  1893.  The  amounts  of  phos- 
phoric acid  supplied  the  several  plots,  the  basis  being  equal 
money's  worth,  have  of  course  varied  widely.  They  are  as 
follows  :  — 

Pounds. 

Plot  1,  phosphatic  slag, 96.72 

Plot  2,  Mona  guano, 72.04 

Plot  3,  ground  Florida  rock  phosphate,        .        .         .  165.70 

Plot  4,  ground  South  Carolina  rock  phosphate,   .         .  144.48 

Plot  5,  dissolved  bone-black, 49.36 

The  crop  this  year  was  cabbages,  variety.  Solid  Emperor. 
The  yield  is  shown  in  the  following  table  :  — 

Comparison  of  Different  Phosphates  —  Yield  of  Cabbages. 


PLOTS. 

Number  over 
2.25  Pounds. 

Weight 
(Pounds). 

Weight  of 
Balance  * 
( founds) . 

Plot  0,  . 

3 

8 

95 

Plotl, 

115 

330 

570 

Plot  2 

73 

250 

580 

Plots 

5 

10 

210 

Plot  4,  

111 

550 

950 

Plots 

65 

260 

835 

*  Balance  includes  many  small,  hard  heads,  but  too  small  for  market. 


The  differences  are  very  large,  the  ground  South  Carolina 
rock  standing  first,  the  phosphatic  slag  second,  the  Mona 
guano  third,  the  dissolved  bone-black  fourth  and  the  Florida 
phosphate  last.  The  no-phosphate  plot  produced  practically 
nothing.  The  plots  are  about  one-seventh  of  an  acre  in 
area,  and  no  plot  has  given  what  could  be  called  a  good 
crop.  Last  year  the  field  was  in  oats,  and  there  was  but 
little  difference  between  the  yields  of  the  different  plots. 
The  yield  on  all,  even  on  the  no-phosphate  plot,  was  good. 

In  1898  the  crop  on  this  field  was  corn,  and  the  yield  was 
good  upon  all  plots  except  the  no-phosphate  plot  and  the 
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Florida  phosphate  plot,  and  there  was  no  great  diflference 
between  these  yields.  In  1897  the  crop  was  Swedish  tur- 
nips, and  the  relative  growth  on  the  different  plots  was 
about  the  same  as  this  year  in  cabbages,  the  no-phosphate, 
the  Florida  phosphate  and  the  dissolved  bone-black  giving 
the  smallest  yields,  although  the  latter  was  not  very  much 
behind  the  balance  of  the  plots. 

Since  the  third  year  of  the  experiment  the  yields  on  the 
plots  to  which  phosphatic  slag,  Mona  guano  and  South  Car- 
olina rock  phosphate  have  been  applied  have  been  substan- 
tially the  same  as  on  the  dissolved  bone-black  plot,  with  the 
exception  of  the  turnips  and  the  cabbages,  where  the  yields 
of  these  plots  have  been  considerably  greater  than  on  the 
dissolved  bone-black.  All  the  crops  grown  upon  the  field, 
with  the  exception  of  the  turnips  and  the  cabbages,  have 
given  fairly  good  yields.  The  oat  crop  of  last  year  was  at 
the  rate  of  about  40  bushels  per  acre  ;  but  even  the  no-phos- 
phate plot  gave  practically  the  same  yield  as  any  of  the 
others,  so  that  the  results  with  that  crop  really  afford  no  light 
upon  the  particular  question  touched  by  this  experiment. 
Taking  into  account  all  the  crops  which  have  been  grown 
upon  this  field,  except  the  Swedish  turnips,  which  were 
afiected  by  disease  not  apparently  due  to  the  fertilizer  which 
had  been  used  on  a  portion  of  the  plots,  and  the  yields  of 
which,  therefore,  as  expressed  in  figures,  would  be  mislead- 
ing, and  representing  the  aggregate  yield  which  stands  high- 
est by  100,  the  efficiency  of  the  difierent  phosphates  is  as 
follows :  — 

Per  Cent. 

Phosphatic  slag, 100.0 

Ground  South  Carolina  rock, 92.3 

Dissolved  bone-black, 90.7 

Mona  guano, 88.3 

Florida  phosphate, 71.5 

There  was  at  first  no  no-phosphate  plot  used  in  this  experi- 
ment, but  we  have  had  a  no-phosphate  plot  since  1895. 
Taking  into  account  the  yields  of  the  several  plots  since 
1895,  and  excepting  the  Swedish  turnips,  which  were  grown 
in  1897,  for  reasons  above  stated,  the  phosphates  have  the 
following  relative  rank :  — 
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Per  Cent. 

South  Carolina  rock  phosphate, 100 , 0 

Phosphatic  slag, 99.0 

Dissolved  bone-black, 97.7 

Mona  guano, 95.4 

Florida  phosphate, 64.2 

No-phosphate, 65.4 

The  crops  which  have  been  raised  on  the  field  in  the  order 
of  their  succession  are  as  follows  :  potatoes,  wheat,  serra- 
della,  corn,  barley,  rye,  soy  beans,  Swedish  turnips,  corn, 
oats  and  cabbages.  All  the  plots  in  the  field  received  an 
application  of  lime  at  the  rate  of  one  ton  to  the  acre  of  quick- 
lime, slaked,  spread  after  ploughing  and  deeply  worked  in 
with  a  harrow  in  the  spring  of  1898. 

This  statement  of  the  conditions  of  the  experiment  and  of 
the  relative  yields  on  the  different  plots  should  perhaps  be 
further  supplemented  by  the  statement  that,  supposing  the 
crops  harvested  to  have  been  of  average  composition  and 
that  there  has  been  no  waste,  there  would  remain  of  the  total 
phosphoric  acid  applied  to  the  several  plots  the  following 
amounts  in  each :  — 

Pounds. 

The  phosphatic  slag  plot, 53.6 

Mona  guano, 29.7 

Florida  phosphate, 132.4 

South  Carolina  rock  phosphate, 102 . 0 

Dissolved  bone-black, 9.5 

The  following  conclusions  appear  to  be  justified  by  the 
results  which  we  have  obtained  :  — 

1.  It  is  possible  to  produce  profitable  crops  of  most  kinds 
by  liberal  use  of  natural  phosphates,  and  in  a  long  series  of 
years  there  might  be  a  considerable  money  saving  in  depend- 
ing, at  least  in  part,  upon  these  rather  than  upon  the  higher- 
priced  dissolved  phosphates. 

2.  None  of  these  natural  phosphates  appear  to  be  suited 
to  crops  belonging  to  the  turnip  or  cabbage  family ;  but 
whether  it  is  because  these  crops  i-equire  the  presence  of 
an  unusually  large  amount  of  soluble  phosphoric  acid,  or 
whether  it  is  because  of  some  other  effect  of  the  dissolved 
phosphates,  our  experiments  do  not  cna])le  us  to  say.  While 
we  have  obtained  much  the  largest  crops  of  turnips  and  cab- 
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bages  on  the  natural  phosphates,  the  yields  have  not  been 
what  could  be  considered  good. 

3.  Between  ground  South  Carolina  rock,  Mona  guano  and 
the  phosphatic  slag  there  is  no  considerable  difference  in  the 
economic  result. 

4.  The  Florida  phosphate,  though  used  in  amounts  fur- 
nishing much  more  phosphoric  acid  than  is  furnished  by 
either  of  the  others,  stands  far  behind  them  in  yield,  and 
would  appear,  therefore,  to  be  rendered  available  only  with 
extreme  slowness. 

In  conclusion,  it  may  be  doubted  whether,  under  the  con- 
ditions prevailing  in  ordinary  farm  or  garden  practice,  it 
would  be  wise  to  depend  exclusively  upon  the  natural  phos- 
phates. The  best  practice  will  probably  be  found  to  consist 
in  using  one  of  these  in  part,  and  in  connection  with  it  a 
moderate  quantity  of  one  of  the  dissolved  phosphates. 

VI. — Comparison  of  Phosphates  on  the  Basis  of  Equal 
Application  of  Phosphoric  Acid. 

The  phosphates  under  comparison  on  this  basis  include 
apatite,  South  Carolina  rock  phosphate,  Florida  soft  phos- 
phate, phosphatic  slag,  Navassa  phosphate,  dissolved  bone- 
black,  raw  bone,  dissolved  bone,  steamed  bone  and  acid 
phosphate.  The  experiments  have  been  in  progress  three 
years,  each  phosphate  being  applied  yearly  to  the  same  plot. 
There  are  three  no-phosphate  plots,  which  serve  as  a  basis  for 
comparison.     The  plots  are  one-eighth  of  an  acre  each  in  area. 

During  the  past  year  two  crops  have  been  grown  upon 
this  field :  oats,  which  were  cut  and  made  into  hay ;  and 
Hungarian  grass,  also  made  into  hay.  The  yields  have  been 
large  on  all  plots,  varying  from  a  little  less  than  4  tons  per 
acre  for  the  two  crops  on  the  poorest  no-phosphate  plot  to 
rather  over  5  tons  per  acre  for  the  two  crops  on  the  dissolved 
bone-black  which  gave  the  largest  yield.  The  only  points 
to  which  it  seems  desirable  to  call  attention  are  the  follow- 
ing:  — 

1.  The  phosphatic  slag  evidently  furnished  phosphoric 
acid  in  an  exceedingly  available  form,  the  yield  this  year 
being  almost  equal  to  that  on  the  dissolved  bone-black. 
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2.  The  Florida  soft  phosphate  is  apparently  a  very  inferior 
material,  the  phosphoric  acid  evidently  becoming  available 
only  with  great  slowness. 

3.  Steamed  bone  meal  appears  to  be  inferior  in  availability 
to  raw  bone  meal. 

Soil  Tests. 

During  the  past  season  two  soil  tests  have  been  carried 
out  upon  our  own  grounds,  both  in  continuation  of  previous 
work  upon  the  same  grounds.  The  same  kinds  of  fertilizers 
have  been  applied  to  each  plot  and  in  the  same  amounts  as 
last  year.  The  fertilizers  in  these  experiments  are  used  in 
accordance  with  the  co-operative  plan  for  soil  tests  adopted 
in  Washington  in  1899.  Each  fertilizer  wherever  employed 
is  always  applied  at  the  following  rates  per  acre  :  — 

Nitrate  of  soda,   .        .  160  pounds,  furnishing  nitrogen. 
Dissolved  bone-black, .  320  pounds,  furnishing  phosphoric  acid. 
Muriate  of  potash,       .  160  pounds,  furnishing  potash. 
Land  plaster,        .        .  400  pounds. 
Lime,    ....  400  pounds. 
Manure,        ...      5  cords. 

Soil  Test  with  Grass  (Sout?i  Acre). 
The  past  is  the  twelfth  season  that  the  experiment  on  this 
field  has  been  in  progress.  The  field  has  been  cropped  in 
successive  years  as  follows  :  corn,  corn,  oats,  grass  and  clover, 
grass  and  clover,  corn  followed  by  mustard  as  a  catch-crop, 
rye,  soy  beans,  white  mustard,  corn,  corn,  and  this  year  grass 
and  clover  seeded  in  early  spring.  During  all  this  time  four 
of  the  fourteen  plots  into  which  the  field  is  divided  have 
received  neither  manure  nor  fertilizer.  Three  plots  have 
yearly  received  a  single  important  manurial  element,  nitro- 
gen, phosphoric  acid  or  potash,  every  year  the  same  ;  three 
have  received  each  year  two  of  these  elements ;  one  has  re- 
ceived all  three  yearly ;  and  one  each  has  received,  yearly, 
lime,  plaster  or  manure.  The  larger  part  of  the  field  accord- 
ingly has  remained  either  entirely  unmanured  or  has  had  but 
a  partial  manuring,  and  the  degree  of  exhaustion  of  most  of 
the  plots  is  considerable.  The  four  nothing  plots  this  year 
produced  an  average  at  the  rate  of  930  pounds  of  hay  per 
acre.  The  following  table  shows  the  rate  of  yield  of  the 
several  plots  :  — 
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Effect  of  the  Fertilizers. 
Hay  (South  Acre  Soil  Test,  1900). 


FERTILIZERS  USED. 


Yield  per 

Acre 
(Pounds). 


Gain  or  Loss  per 

Acre,  compared 

with  Nothing 

Plots  (Pounds). 


Plot   1,  nitrate  of  soda, 

Plot   2,  dissolved  bone-black, 

Plot    3,  nothing 

Plot   4,  muriate  of  potash 

i'lot    5,  lime, 

Plot   6,  nothing 

Plot    7,  manure 

Plot    8,  nitrate  of  soda  and  dissolved  bone-black, . 

Plot   9,  nothing, 

Plot  10,  nitrate  of  soda  and  muriate  of  potash, 

Plot  11,  dissolved  bone-black  and  muriate  of  potash,     . 

Plot  12,  nothing, 

Plot  13,  plaster 

Plot  14,  nitrate  of  soda,  dissolved  bone-black  and  muriate 
of  potash. 


2,460 

1,000 

800 

1,140 


720 
4,lfi0 
2,540 
1,100 
3,000 
1,600 
1,100 

900 
2,300 


1,660.00 
200.00 


366.67 
133.33 


3,440.00 
1,440.00 


1,900.00 
500.00 


—200.00 
1,200.00 


The  effect  of  each  of  the  three  elements  of  plant  food, 
nitrogen,  phosphoric  acid  and  potash,  is  more  clearly  brought 
out  in  the  tables  below  :  — 


Results  of  the  Addition  of  Nitrogen  to  — 

Nothing. 

Phosphoric 
Acid. 

Muriate 

of 
Potash. 

Phosphoric 
Acid  and 
Potash. 

Average 
Result. 

Hay  (pounds  per  acre) , 

1,660 

1,240 

1,533.33 

700 

1,283.33 

Value  of  net  average  increment, $10  27 

Financial  result  (gain), 7  07 


Results  op  the  Addition  of  Phosphoric  Acid  to  — 

Nothing. 

Nitrate  of 
Soda. 

Muriate 

of 
Potash. 

Nitrate 

and 
Potash. 

Average 
Result. 

Hay  (pounds  per  acre). 

200 

—220 

133.33 

—700 

—146.67 

Value  of  net  average  decrease, 
Financial  result  (loss),    . 


$1  17 
4  37 


Results  op  the  Addition  of  Potash  to  — 

Nothing. 

Nitrate  of 
Soda. 

Phosphoric  1 J^^*'!*?^^^^  Average 
Acid.       l^^l'cM?      1   ^««^^*- 

Hay  (pounds  per  acre). 

366.67 

240 

300 

—240 

156.67 

Value  of  net  average  increment, 
Financial  result  (loss),  . 


$1  33 
1  87 
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Results  of  the  Additiok  to  Nothing  of  — 

Complete 
Fertilizer. 

Manure. 

Plaster. 

Lime. 

Hay  (pounds  per  acre), 
Value  of  increment,     . 
Value  of  decrease, 
Financial  result 

1,200 
$9  60 

No  gain  or  loss. 

3,440 

$27  52 

2  52  gain. 

-200 

$1  60 
3  40  loss. 

133.33 

$1  07 

0.13  loss. 

These  results  require  little  comment.  A  study  of  the 
figures  shows  that  it  is  the  nitrate  of  soda  chiefly  which 
causes  an  increase  in  the  crop.  Alone  and  in  every  combi- 
nation it  gives  a  large  increase.  It  should  be  remembered, 
in  estimating  the  significance  of  these  figures,  that  the  field 
was  seeded  last  spring,  and  that  accordingly  the  crop  was 
comparatively  small.  The  efi'ect  of  the  fertilizers  will  un- 
doubtedly become  more  pronounced  another  season,  when 
both  grass  and  clover  are  fully  established.  It  is  especially 
noteworthy  that  nitrate  of  soda  alone  applied  to  a  plot  which 
has  now  received  no  other  fertilizer  for  twelve  years  gives  a 
crop  of  hay  amounting  to  almost  \y4^  tons.  This  plot  last 
year  gave  a  crop  of  corn  at  the  rate  of  something  less  than  14 
bushels  per  acre.  The  plot  to  which  muriate  of  potash  alone 
has  been  applied  during  the  past  twelve  years  gave  us  last 
year  a  yield  of  corn  at  the  rate  of  nearly  50  bushels  per  acre. 
The  hay  crop  this  year  is  1,14:0  pounds.  These  comparisons, 
bringing  out  the  diff'ering  effects  of  the  same  fertilizer  on  the 
same  field  for  difierent  crops,  and  still  other  comparisons 
which  might  be  made,  illustrate  in  a  striking  manner  the  fact 
that  the  selection  of  fertilizers  for  our  average  soils  should 
be  made  chiefly  with  reference  to  the  crop. 

All  plots  in  this  field  were  evenly  seeded  with  a  mixture 
of  grass  and  clover  seeds,  sown  crosswise,  to  insure  even 
seeding  of  all  plots.  Both  grass  and  clover  seeds  came  up 
well,  and  the  clover  was  thick  at  the  start  on  all  plots.  At 
the  present  time  there  is  practically  no  clover  on  any  of 
the  plots  except  the  four  to  which  potash  has  been  applied 
and  the  one  to  which  manure  has  been  yearly  applied. 


Soil  Test  with  Onions  {North  Acre) . 
This  experiment  is  upon  the  land  occupied  last  year  in  a 
similar  soil  test  with  onions.     The  field  has  been  employed 
in  soil  test  work  for  eleven  years,  the  several  plots  having 
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been  every  year  manured  alike,  as  described  under  soil  test 
with  grass.  The  previous  crops  in  the  order  of  rotation 
have  been  potatoes,  corn,  soy  beans,  oats,  grass  and  clover, 
grass  and  clover,  cabbages  and  ruta-baga  turnips,  potatoes, 
onions,  and  onions.  It  will  be  remembered  that  the  west 
half  of  each  plot  was  limed  in  the  spring  of  1899  at  the  rate 
of  1  ton  per  acre  of  quicklime,  slaked,  and.  immediately 
spread  and  harrowed  in.  The  fertilizers  were  employed  this 
year  in  the  same  quantities  as  last,  viz.  :  — 

Founds. 

Nitrate  of  soda  (per  acre) , 320 

Dissolved  bone-black  (per  acre) ,         .        .        .        .        .     640 
Muriate  of  potash  (per  acre), 320 

The  seed  was  sown  at  the  rate  of  5  pounds  per  acre.  The 
variety  was  Dan  vers'  Yellow  Globe.  Germination  was 
prompt  and  perfect,  but  many  of  the  plants  upon  the  nothing 
plots  and  upon  the  unlimed  portion  of  the  plots  receiving 
respectively  muriate  of  potash,  nitrate  of  soda,  nitrate  of 
soda  and  muriate  of  potash,  and  dissolved  bone-black  and 
muriate  of  potash,  soon  died ;  while  such  plants  as  survived 
upon  these  plots  made  but  very  little  growth.  The  follow- 
ing tables  give  the  results  of  the  harvest :  — 


Effect  of  the  Fertilizers. 
Onions  {North  Acre  Soil  Test,  1900). 


FERTILIZERS  USED. 


Nothing 

Nitrate  of  soda,   .... 
Dissolved  bone-black, 

Nothing 

Muriate  of  potash, 

Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing, 

Dissolved  bone-black  and  muri- 
ate of  potash. 

Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 

Plaster, 

Nothing, 


Yield  per  Acre  of 

scallions  and  tops 

(Pounds). 


Unlimed. 


460 
3,100 
1,160 
3,460 
3,200 
1,720 
1,100 
4,240 
5,320 
6,600 
1,760 
2,560 


Limed. 


1,600 
1,780 

880 
2,080 
3,400 

760 
4,520 
3,160 
1,720 
1,520 
1,960 
4,320 


Gain  or  Loss  per  Acre, 

compared  with  nothing 

Plots  (Pounds). 


Unlimed. 


1,640 
-1,300 

—455 
-2,130 
-2,945 

1,500 

2,200 

-1,220 


Limed. 


20 
-1,040 

1,050 
-1,860 
1,630 

-1,980 
-2,220 
-2,070 
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Onions  {North  Acre  Soil  Test,  1900). 


FERTILIZERS   USED. 


Nothing, 

Nitrate  of  soda,  •. 
Dissolved  bone-black. 


Nothing, 
Muriate  of  potash, 


Nitrate  of  soda  and  dissolved 

bone-black. 
Nitrate  of  soda  and  muriate  of 

potash. 
Nothing 


Dissolved  bone-black  and  muri- 
ate of  potash. 

Nitrate  of  soda,  dissolved  bone- 
black  and  muriate  of  potash. 

Plaster, 


Nothing, 


Yield  per  Acbe  of 
Well-cubed  Onioks 

(Bushels). 


Unlimed. 


6.15 

60.00 

17.31 

72.69 

37.69 

225.77 

9.23 

38.46 

159.62 

136.92 

4.62 

23.46 


Limed. 


41.54 
155.00 

37.69 
132.31 
383.46 
202.31 
310.77 
107.69 
380.00 
488.46 

23.08 
102.31 


Gain  ob  Loss  pee  Acre, 

compabbd  with  nothing 

Plots  (Bushels). 


Unlimed. 


21.67 
—33.20 

—26.45 

170.20 

—37.80 

124.91 

105.96 

—22.59 


Limed. 


83.21 
—64.36 

257.31 

82.31 

196.93 

273.66 
383.46 
—80.57 


Results  of  the  Addition  of  Nitrogen  to  — 


Nothing. 


Phosphoric 
Acid. 


Muriate 

of 
Potash. 


Phosphoric 
Acid  and 
Potash. 


Average 
Result. 


Scallions,  unlimed  (pounds), 
Scallions,  limed  (pounds), . 
Onions,  unlimed  (bushels). 
Onions,  limed  (bushels),    . 


1,640 
20 

21.67 
83.21 


—830 

—820 
203.40 
146.67 


-2,490 
580 
—11.35 
—60.38 


700 
—240 
—18.95 
109.80 


-245 

—115 
48.69 
69.83 


Value  of  net  average  increment:  unlimed,  $12.66;  limed,  $18.16. 
Financial  result:  unlimed,  $6.26  gain;  limed,  $11.76  gain. 


Results  of  the  Addition  of  Phosphoric  Acid  to- 


Nothing. 


Nitrate  of 
Soda. 


Muriate 

of 
Potash. 


Nitrate  and 

Muriate  of 

Potash. 


Average 
Result. 


Scallions,  unlimed  (pounds), 
Scallions,  limed  (pounds)   . 
Onions,  unlimed  (bushels), 
Onions,  limed  (bushels),    . 


—1,300 

—1,040 
—33.20 
—64.36 


-3,770 
-1,880 
148.53 


1,955 
-3,030 
151.36 
16.36 


5,145 
—3,850 
143.76 
186.53 


507.50 

—2,450.00 

102.61 

34.41 


Vahie  of  net  average  increment:  unlimed,  $26.68;  limed,  $8.95. 
Financial  result:  unlimed,  $20.23  gain;  limed,  $2.55  gain. 
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Results  of  the  Addition  of  Potash  to- 


No  thing. 


Nitrate  of 
Soda. 


■Di,„„„T j„ '  Nitrate  and 

^''^°-  Acid. 


Average 
Result. 


Scallions,  unlimed  (pounds), 
Bcallions,  limed  (pounds) , . 
Onions,  unlimed  (bushels), 
Onions,  limed  (bushels),    . 


—455 
1,050 
—26.45 
257.31 


-4,585 
1,610 
—59.47 
113.72 


2,800 

—940 
158.11 
338.02 


4,330 
—360 
—64.24 
301.15 


522.50 

340.00 

1.99 

252.55 


Value  of  net  average  increment :  unlimed,  $0.52 ;  limed,  $65.6 
Financial  result :  unlimed,  $5.88  loss;  limed,  $59.26  gain. 


Results  of  the  Addition  to  Nothing  of  — 

COMPLETE   FERTILIZER. 

LAND  PLASTER. 

Unlimed. 

Limed. 

Unlimed. 

Limed. 

Onions  (bushels  per  acre) , 
Value  of  net  increment,    . 

Value  of  decrease 

Financial  result,         .        .        .        . 

105.96 

$27  55 

8  35  gain. 

383.46 
$99  70 

80  10  gain. 

-22.59 

$5  87 
9  47  loss. 

-80.57 

$20  95 
24  55  loss. 

The  yield  upon  the  limed  portion  of  many  of  the  plots 
this  year  is,  as  was  anticipated,  much  better  than  last  year, 
although  the  tops  on  all  parts  of  the  field  were  somewhat 
prematurely  killed  by  blight.  The  heavy  application  of  lime 
made  in  that  year  appears  to  have  corrected  in  large  meas- 
ure the  faulty  soil  conditions.  We  have  this  year  a  crop  at 
the  rate  of  nearly  500  bushels  to  the  acre  of  toell-cured  onions 
upon  the  limed  half  of  the  plot,  which  has  been  yearly  manured 
with  nitrate  of  soda,  dissolved  bone-black  and  muriate  of  ptoi- 
ash;  while  on  the  unlimed  portion  of  the  same  plot  we  have  a 
yield  of  136.9  bushels  to  the  acre.  The  lime  has  evidently 
proved  highly  beneficial, 

Particular  attention  is  called  to  the  fact  that  we  nowhere 
obtained  a  fairly  good  crop  except  upon  those  plots  to  which 
potash  has  been  yearly  supplied.  The  limed  portion  of  the 
pilot,  which  has  yearly  been  manured  with  muriate  of  potash 
alone,  gives  a  yield  at  the  rate  of  383  bushels  to  the  acre; 
the  nitrate  of  soda  and  the  potash  give  a  yield  at  the  rate  of 
about  311  bushels;  the  dissolved  bone-black  and  potash,  a 
yield  at  the  rate  of  380  bushels.  These  figures  make  it  per- 
fectly evident  that  potash  is  an  exceedingly  important  manure 
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for  the  onion  crop.  Its  effects  far  exceed  those  of  either  of 
the  other  elements. 

Oar  results  make  it  equally  evident  that  the  continuous  use 
of  muriate  of  potash  makes  the  employment  of  lime  an  abso- 
lute necessity.  The  combined  cost  of  the  muriate  of  potash 
and  the  lime  necessarily  used  with  it  is  likely  to  be  greater 
than  would  be  the  cost  of  some  other  source  of  potash. 

That  the  nitrate  of  soda  as  well  as  the  muriate  of  potash 
has  proven  in  sotne  degree  injurious  when  used  without  lime 
is  made  equally  evident  by  our  results,  for  the  yield  on  the 
combined  nitrate  of  soda  and  muriate  of  potash  without  lime 
is  much  inferior  to  the  yield  on  the  muriate  alone  without 
lime.     It  is,  indeed,  almost  the  poorest  in  the  field. 

Especial  attention  is  called  to  the  fact,  ivhich  ivas  very  evi- 
dent on  all  the  plots  lohere  it  ivas  used,  that  dissolved  bone- 
blacTc  greatly  promoted  the  perfect  ripening  of  the  crop.  By 
far  the  best  ripened  crop  on  the  unlimed  portion  of  the  field 
tvas  the  crop  jwoduced  by  nitrate  of  soda  and  dissolved  bone- 
black.  -Any  other  dissolved  phosphate  would  undoubtedly 
have  a  similar  effect. 

Attention  is  called,  further,  to  the  fact  that  the  dissolved 
bone-black  in  large  measure  corrects  the  injurious  effects  fol- 
lowing the  use  of  muriate  of  potash.  This  is  made  espe- 
cially evident  by  the  comparison  between  the  yields  where 
dissolved  bone-black  was  used  together  with  nitrate  of  soda 
and  muriate  of  potash  and  where  the  last  two  fertilizers  were 
used  alone.  Where  they  were  used  alone,  the  crop,  as  has 
already  been  pointed  out,  was  almost  the  poorest  in  the  field, 
a  large  share  of  the  plants  dying  at  a  very  early  stage  in 
their  growth ;  while  where  the  dissolved  bone-black  was  used 
together  with  these  fertilizers  a  moderate  crop  was  the  re- 
sult. It  becomes  evident,  therefore,  that  where  fertilizers 
containing  a  liberal  amount  of  some  dissolved  phosphate  are 
employed,  liming  is  less  necessary  than  where  such  phos- 
phates are  not  employed.  That  this  should  be  so  is  not 
strange,  since  all  dissolved  phosphates  contain  a  large  amount 
of  sulfate  of  lime  (land  plaster),  which,  if  used  in  large 
quantities,  produces  many  of  the  effects  ordinarily  following 
the  use  of  lime. 
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Practical  Advice  on  Fertilizers  for  Onions. 
Although  further  investigations  are  called  for  concerning 
the   many   questions    connected    with    using   fertilizers    for 
onions,  it  is  believed  that  the  results  thus  far  obtained  justify 
the  following  advice  :  — 

1 .  Mixed  fertilizers  which  are  to  be  used  for  the  culture 
of  onions  where  nothing  else  is  employed  should  contain 
about  3  to  4  per  cent,  nitrogen,  5  to  6  per  cent,  available 
phosphoric  acid  and  8  to  10  per  cent,  potash.  It  is  believed 
that  the  nitrogen  of  such  fertilizers  should  be  derived  in 
about  equal  proportions  from  nitrate  of  soda,  dried  blood  and 
dry  ground  fish  or  tankage.  It  is  further  believed  that  the 
source  of  potash  should  be  either  the  sulfate  or  carbonate. 
Such  a  fertilizer  might  be  required  in  amounts  varying  from 
1  to  11^  tons. 

2.  If  a  home  mixture  of  materials  is  to  be  made,  it  is  be- 
lieved that  it  should  supply  60  pounds  of  nitrogen,  from  90 
to  100  pounds  of  phosphoric  acid  and  160  to  200  pounds  of 
potash  per  acre.  It  is  believed,  further,  that  the  nitrogen, 
as  stated  above,  should  be  derived  in  part  from  nitrate  of 
soda  and  in  part  from  animal  materials.  It  is  believed  that 
the  phosphoric  acid  should  be  derived  mainly  from  acid 
phosphate  or  dissolved  bone-black,  and  that  for  potash  either 
the  high  or  low  grade  sulphate  or  the  carbonate  of  potash- 
magnesia  should  be  employed.  As  an  illustration  of  a  mixt- 
ure which  it  is  believed  will  suit  average  conditions,  the  fol- 
lowing list  of  materials  is  given  :  — 

Pounds. 

Nitrate  of  soda, 200 

Dried  blood, 250 

Dry  ground  fish  or  tankage,        .        .        .        .        .        .  200 

Acid  phosphate, 700 

For  potash,  either  of  the  following :  — 

High-grade  sulfate, 350 

Low-grade  sulfate, 700 

Carbonate  of  potash-magnesia, 950 

These  materials  should  be  mixed  just  before  use,  spread 
after  ploughing  and  harrowed  in. 
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3.  It  is  suggested,  the  suggestion  being  based  upon  our 
observations,  that  in  case  the  onions  do  not  ripen  well,  and 
where  the  proportion  of  scallions  is  large,  the  application  of 
lime  be  tried,  or  the  proportion  of  acid  phosphate  increased. 
If  lime  is  to  be  used,  it  is  recommended  that  about  1  ton  of 
quicklime  per  acre  be  applied.  This  should  be  slaked  with 
water,  spread  after  ploughing,  and  deeply  worked  in  with 
wheel  harrow.  The  best  season  is  autumn  or  very  early 
spring. 

"  Special  "   Corn  Fertilizer  v.   Fertilizer  richer  in 

Potash. 

The  experiments  upon  which  it  is  now  proposed  to  com- 
ment have  for  their  object  the  effort  to  determine  the  most 
profitable  combination  of  fertilizers  to  be  used  for  the  growth 
of  corn.  The  plan  of  the  experiment  and  the  results  up  to 
the  close  of  last  season  are  given  in  full  in  our  last  annual 
report. 

Results  in  recent  years  had  led  to  the  conclusion  that  this 
field  might  be  benefited  by  liming.  It  accordingly  received 
an  application  at  the  rate  of  1  ton  of  air-slaked  lime,  applied 
May  14  and  thoroughly  worked  in.  The  kinds  and  amounts 
of  fertilizers  used  during  the  past  season  have  been  some- 
what changed.  To  two  of  the  plots  (1  and  3)  in  the  field 
we  have  applied  materials  supplying  the  same  quantity  of 
nitrogen,  phosphoric  acid  and  potash  as  would  be  furnished 
by  the  use  of  1,800  pounds  of  fertilizer,  having  the  average 
composition  of  the  ' '  special "  corn  fertilizers  analyzed  at  this 
experiment  station  in  1899.     This  average  is  as  follows:  — 

Per  Cent. 

Nitrogen,  .        .        . 2.37 

Phosphoric  acid, 10.00 

Potash, 4.30 

The  fertilizers  analyzed  varied  widely  in  composition,  the 
range  for  each  of  the  elements  being  shown  by  the  follow- 
ing:— 

Per  Cent. 

Nitrogen, 1.5-  3.7 

Phosphoric  acid, .    9.0-13.0 

Potash, .     1.5-  9.5 
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The  other  plots  in  the  field  received  an  application  of 
materials  practically  the  same  in  kind  and  quantity  as  have 
been  recommended  in  Bulletin  No.  58  for  corn  on  soils  poor 
in  organic  matter.  The  principal  difterence  between  the 
manuring  of  these  plots  and  the  others  is  that  they  receive 
slightly  more  nitrogen,  much  less  phosphoric  acid  and  con- 
siderably more  potash.  The  materials  supplied  to  the  sev- 
eral plots  are  shown  in  the  following  table  :  — 


FERTILIZERS  USED. 

Nitrate  of  soda, 

Dried  blood 

Dry  ground  fish, 

Acid  phosphate 

Muriate  of  potash, 


Plots  1  and  3 
(Pounds  Each). 


Plots  2  and  4 
(Pounds  Each). 


30.0 
30.0 
37.5 
273.0 
37.5 


50.0 
50.0 
62.5 


The  variety  of  corn  grown  this  year  was  Sibley's  Pride  of 
the  North.  The  growth  was  vigorous  and  healthy,  and  un- 
affected, so  far  as  could  be  seen,  by  any  abnormal  conditions. 
The  yields  were  as  follows  :  — 

Yield  of  Corn,  1900. 


PLOTS. 

Ears 
(Pounds). 

Stover 
(Pounds). 

Plot  1  (lesser  potash), 

Plot  2  (richer  in  potash) 

Plots  (lesser  potash),     ....... 

Plot  4  (richer  in  potash) 

1,510 
1,435 
1,590 
1,515 

1,460 
1,540 
1,675 
1,600 

Average  Yield  per  Acre. 


PLOTS. 


Shelled  Grain 
(Bushels) . 


Stover 
(Pounds) . 


Plots  1  and  3, 

Plots  2  and  4, 


77.50 
73.75 


6,270 
6,280 


It  will  be  noticed  that  the  yield  of  grain  on  the  ' '  special " 
fertilizer  exceeds  that  on  the  fertilizer  richer  in  potash,  the 
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difference  being  at  the  rate  of  3.8  bushels  per  acre ;  the  fer- 
tilizer richer  in  potash  gave  slightly  more  stover.  The  dif- 
ference in  cost  of  the  fertilizers  applied  on  the  two  sets  of 
plots  is  at  the  rate  of  a  little  more  than  $4  per  acre.  This 
is  the  apparent  cost  of  the  3.8  bushels  of  corn.  I  say  appar- 
ent, for  the  following  reason  :  the  field  was  seeded  to  mixed 
grass  and  clover  the  latter  part  of  July,  and  at  the  present 
time  the  condition  of  plots  2  and  4,  which  received  the  fer- 
tilizer richer  in  potash,  indicates  a  much  heavier  growth  of 
clover  next  season  than  on  the  other  plots-. 

It  is  believed  that  when  this  field  is  once  more  broken  up 
and  put  into  corn  the  yields  of  plots  2  and  4  will  stand  relar- 
tively  better. 

In  conclusion,  attention  is  called  to  the  fact  that  the  results 
on  this  field  furnish  important  light  upon  the  problem  as  to 
whether  corn  can  be  successfully  groivn  on  fertilizers  alone. 
The  present  is  the  tenth  year  since  this  field  has  been  under 
experiment,  and  throughout  this  time  fertilizers  only,  and  in 
very  moderate  quantities,  have  been  employed.  The  result 
this  year  on  the  plots  richer  in  potash  is  a  crop  at  the  rate  of 
about  74  bushels  of  sound  corn  and  of  3  tons  of  stover  per 
acre,  and  a  magnificent  catch  of  grass  and  clover.  The  cost 
of  the  fertilizers  employed  tliis  year  on  these  plots  is  at  the 
rate  of  $13.50  per  acre,  not  including  the  lime.  One  ton  of 
the  latter  was  put  on  this  year,  but  such  application  will  not 
be  required  oftener  than  once  in  six  or  seven  years. 

Manure  alone  v.  Manure  and  Potash. 
This  experiment,  which  was  intended  to  illustrate  the  rel- 
ative value  in  crop  production  of  an  average  application  of 
manure,  as  compared  with  a  smaller  application  of  manure 
used  in  connection  with  some  form  of  potash,  was  begun  in 
1890.  Full  accounts  of  the  results  in  the  different  years  will 
be  found  in  preceding  annual  reports,  and  summaries  are 
found  in  the  reports  for  1895  and  1900.  The  field  contains 
one  acre  and  is  divided  into  four  plots  of  one-fourth  acre  each. 
Corn  was  the  crop  in  1899.  The  field  was  ploughed  last  fall 
and  seeded  to  rye  for  winter  protection.  After  ploughing 
this  spring  the  field  received  a  dressing  of  air-slaked  lime  at 
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the  rate  of  1  ton  to  the  acre ;  this  was  thoroughly  worked 
in  with  a  wheel  harrow  ;  the  field  was  then  manured  as  shown 
below :  — 

Plot  1,  manui'e,  1^  coi'd;  weight,  6,805  pounds. 

Plot  2,  manure,  1  cord  ;  weight,  4,610  pounds  ;  high-grade  sul- 
fate of  potash,  40  pounds. 

Plot  3,  manure,  Ih  cord  ;  weight,  6,717  pounds. 

Plot  4,  manure,  1  cord  ;  weight,  4,067  pounds  ;  high-grade  sul- 
fate of  potash,  40  pounds. 

Samples  of  the  manure  used  were  analyzed,  and  the  sulfate 
of  potash  was  analyzed.  The  calculated  amounts  of  plant 
food  applied  to  the  several  plots  are  as  follows  :  — 


PLOTS. 


Nitrogen 
(Pounds). 


Phosphoric 

Acid 
(Pounds). 


Potash 
(Pounds). 


Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 


22.64 
14.21 
20.15 
12.20 


19.65 
13.70 
20.15 
12.20 


38.43 
40.67 
27.54 
36.67 


The  variety  of  corn  grown  this  year  was  Sibley's  Pride  of 
the  North.  The  growth  was  good  and  the  crop  large  on  all 
plots.  The  yield  on  the  several  plots  is  at  the  rate  per  acre 
shown  in  the  following  table  :  — 


Yield  of  Corn  (^Rate  per  Acre) . 


PLOTS. 

Shelled  Grain 
(Bushels). 

Stover 
(Pounds). 

Plot  1, 

72.5 

6,740 

Plot  2, 

72.0 

7,020 

Plot  3, 

74.5 

6,540 

Plot  4, 

72.8 

6,580 

Average  Yield  per 

Acre. 

PLOTS. 

Shelled  Grain 
(Bushels). 

Stover 
(Pounds). 

Plots  1  and  3,  manure  alone, 

Plots  2  and  4,  manure  and  potash, 

73.5 

72.4 

6,640 
6,800 
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The  crops,  as  in  previous  years,  are  of  substantially  equal 
value,  the  manure  alone  giving  1.1  bushels  more  grain  than 
manure  and  potash,  while  the  latter  gave  160  pounds  more 
stover.  The  combination,  4  cords  of  manure  and  160  pounds 
sulfate  of  potash  per  acre,  will  cost  about  $6.40  less  than  6 
cords  of  manure  alone.  We  have  now  g-rown  eio;ht  corn 
crops  on  this  field,  and  the  average  yields  are  at  the  rate 
per  acre  for  the  two  manurings  :  — 

Avei'age  of  Eight  Crops. 


Shelled  Grain 
(Bushels). 

Stover 
(Pounds). 

Manure  alone, 

Less  manure  and  potash, 

63.0 

58.7 

4,822 
4,497 

The  money  cost  of  the  materials  applied  to  the  plots  re- 
ceiving manure  and  potash  for  the  ten  years  during  which 
the  experiment  has  continued  is  at  the  rate  of  about  $81  less 
than  on  the  other  plots.  The  manure  alone,  however,  has 
produced  yields  exceeding  the  combination  of  a  smaller 
amount  of  manure  and  potash,  at  rates  per  acre  amounting 
to  shelled  corn  34.4  bushels  and  stover  2,600  pounds. 
During  two  years  since  the  experiment  began  the  field  has 
been  in  grass,  and  the  yields  on  manure  alone  exceed  those 
on  manure  and  potash  at  rates  per  acre  amounting  to  hay 
2,244  pounds  and  rowen  1,170  pounds.  Such  an  amount 
of  corn  and  hay  at  average  prevailing  market  prices  would 
have  been  worth  about  $44.18.  In  using  the  large  amount 
of  manure  alone,  then,  one  would,  in  efi'ect,  allowing  the 
manure  to  cost  $5  to  the  cord  on  the  land,  have  expended 
about  $81  for  products  worth  but  little  more  than  one-half 
that  sum. 

This  field  has  now  been  seeded  to  mixed  grass  and  clover 
seeds.  The  stand  on  all  plots  is  good,  but  the  clover  is 
proportionally  more  abundant  on  the  plots  receiving  the 
manure  and  potash. 

It  is  believed  that  these  experiments  conclusively  indicate 
that  corn  may  ho.  more  cheaply  grown  on  a  combination  of 
manure  and  potash  than  on  manure  alone. 
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The  Relative  Value  for  Green  Manuring  of  the 
Soy  Bean  and  Cow  Peas. 
So  much  has  been  said  concerning  the  value  of  cow  peas 
for  green  manuring  purposes  that  it  has  seemed  desirable  to 
compare  this  crop  with  the  soy  bean  for  that  purpose.  Ac- 
cordingly, two  varieties  of  cow  peas,  the  Wonderful  and  the 
Black,  the  former  a  late  and  the  latter  an  early  variety,  have 
been  grown  under  conditions  allowing  comparison  with  the 
medium  green  soy  bean.  The  growth  of  all  the  crops  was 
good  and  each  occupied  about  one-fifth  of  an  acre.  The 
Wonderful  cow  pea  when  cut  had  only  just  begun  to  blossom, 
the  Black  had  but  a  small  proportion  of  its  pods  ripe,  while 
all  the  pods  on  the  soy  bean  were  practically  mature.  The 
following  table  shows  the  results  :  ^— 

Coiu  Peas  and  Soy  Beans  for  Green  Manuring. 


VARIETr. 


Pounds  per  Acre. 


Green 
Weight. 


Dry 

Matter. 


Nitrogen. 


Wonderful  cow  pea, . 
Black  cow  pea,  . 
Medium  green  soy  bean, 


19,600 
20,035 
19,685 


3,622 
3,389 
5,386 


80.4 

62.1 

167.8 


It  will  be  noticed  that  the  soy  bean  furnished  much  larger 
quantities  both  of  dry  matter  and  of  nitrogen  than  either  of 
the  varieties  of  cow  peas.  It  gave  practically  three-fifths 
more  dry  matter  and  more  than  double  the  nitrogen  furnished 
by  the  better  of  the  two  varieties  of  cow  peas.  The  roots 
of  the  bean  were  thickly  studded  with  nodules,  as  also  were 
the  roots  of  the  cow  peas ;  and  both  must,  therefore,  have 
possessed  the  ability  to  draw  upon  the  atmosphere  for  a  con- 
siderable part  of  their  nitrogen.  It  appears  impossible  to 
doubt  that  the  manurial  value  of  the  soy  beans  must  have 
been  far  greater  than  that  of  either  of  the  varieties  of  cow 
peas. 

In  estimating  the  significance  of  these  results,  it  should  be 
kept  in  mind  that  the  soil  was  a  medium  loam,  retentive  of 
moisture,  and  that  the  season  had  a  fairly  well-distributed 
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rainfall.  It  is  not  impossible  that  on  lighter  and  less  reten- 
tive soils,  or  with  deficient  rainfall,  the  cow  pea  may  compare 
more  favorably  with  the  soy  bean  as  a  green  manuring  crop, 
for  the  latter  is  somewhat  impatient  of  drought  and  of  soils 
deficient  in  moisture. 

It  may  be  of  interest  to  state  in  this  connection  that  a 
portion  of  the  area  in  soy  beans  was  allowed  to  ripen,  and 
that  the  yield  was  about  36  bushels  per  acre  of  thoroughly 
ripened  seed. 

Nitrate  of  Soda  for  Rowen. 
Many  experiments  both  here  and  elsewhere  have  con- 
vincingly shown  the  great  value  of  nitrate  of  soda  for  appli- 
cation to  mowings  in  early  spring.  Not  many  experiments 
appear  to  have  been  tried  to  determine  the  eflfect  of  such 
applications  for  the  second  crop.  Accordingly  plots  were 
laid  out  in  July  in  two  of  our  mowing  fields,  for  the  purpose 
of  carrying  out  an  experiment  to  test  this  question.  There 
were  two  sets  of  these  plots.  One  set  included  four  plots, 
laid  out  in  a  permanent  mowing  which  was  seeded  twelve 
years  ago,  the  principal  species  at  the  present  time  being 
Kentucky  blue  grass.  The  first  crop  was  cut  June  25.  The 
nitrate  of  soda  was  applied  July  1  to  two  plots  at  the  rate 
of  150  pounds  per  acre.  The  first  crop  of  hay  on  this  land 
was  at  the  rate  of  2.16  tons  per  acre.  The  rowen  was  cut 
on  these  plots  on  September  7.  The  results  are  shown  in 
the  following  table  :  — 

Nitrate  of  Soda  for  Rowen. 


PLOTS. 


Pounds  per  Acbe. 


Nitrate  of 
Soda  applied. 


Rowen 
harvested. 


Plot  1, 
Plot  2, 
Plot  3, 

Plot  4, 


Nothing. 

150 
Nothing. 

150 


2,082 
3,11T 
2,438 
3,035 


The  average  of  plots  1  and  3  is  at  the  rate  of  2,260  pounds 
of  rowen  per  acre;  of  plots  2  and  4  it  is  3,076  pounds  per 
acre.     The  application,  then,  of  150  pounds  of  nitrate  of 
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soda,  costing  $3,  gave  an  apparent  increase  of  816  pounds 
of  rowen,  at  a  cost  for  the  fertilizer  of  .37  cents  per  pound. 

The  second  set  of  plots  occupied  a  portion  of  a  field  seeded 
to  timothy  in  1898.  There  were  eight  plots  in  this  series. 
The  first  crop  of  timothy  had  been  cut  July  10,  and  the  yield 
was  at  the  rate  of  2.6  tons  per  acre.  The  nitrate  of  soda 
was  applied  July  16.  The  following  table  shows  tlie  nature 
of  the  experiment  and  the  results  :  — 


Nitrate  of  Soda  for  Rowen. 

Pounds  per  Acbe. 

PLOTS. 

Nitrate  of 
Soda  applied. 

Rowen 
harvested. 

Plot  1, 
Plot  2, 
Plot  3, 
Plot  4, 
Plot  5, 
Plot  6, 
Plot  7, 
Plot  8. 


Nothing. 

150 
Nothing. 

150 
Nothing. 

200 
Nothing. 

250 


587 

1,394 

514 

679 

202 

1,137 

440 

1,816 


The  average  yield  of  all  the  nothing  plots  was  at  the  rate 
of  436  pounds  per  acre.  The  average  of  plots  2  and  4  was 
1,036  pounds  per  acre,  a  gain  of  600  pounds  of  rowen  fol- 
lowing the  application  of  150  pounds  of  nitrate,  costing  $3, 
the  cost  of  the  gain  per  pound  being  .5  cents.  The  applica- 
tion at  the  rate  of  200  pounds  produced  an  apparent  gain  of 
701  pounds,  at  a  cost  of  .57  cents  per  pound  ;  the  application 
at  the  rate  of  250  pounds  produced  an  apparent  gain  of 
1,380  pounds,  at  a  cost  of  .36  cents  per  pound  ;  but  we  have 
some  evidence  indicating  that  this  plot  is  naturally  better 
than  the  averao;e  of  the  nothings. 

In  commenting  upon  these  results,  it  should  be  stated  at 
the  outset  that  the  season  was  not  favorable  for  the  produc- 
tion of  a  maximum  effect  from  the  application  of  the  nitrate, 
as  the  rainfall  was  deficient,  amounting,  for  the  entire  period 
during  which  the  rowen  upon  the  old  mowing  was  growing, 
to  7.26  inches;*  during  the  period  that  the  timothy  was 
growing,  to  Q.QQ  inches. -f  The  application  of  the  nitrate 
produced  an  effect  both  upon  color  and  growth  almost  imine- 


*  The  average  for  this  period  for  the  ten  years  1889-98  is  8.59  inches, 
t  The  average  for  this  period  for  the  ten  years  1889-98  is  8.39  inches. 
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diately  following  the  first  rain  which  fell  after  it  had  been 
made.  It  is  believed  that  the  gain  in  crop  would  have  been 
much  greater  had  the  rainfall  been  larger. 

Further  experiment  is  needed  to  determine  what  amount 
of  nitrate,  if  any,  it  will  pay  to  use ;  but  the  opinion  is  here 
advanced  that  probably  the  most  profitable  application  will 
be  found  not  to  exceed  about  150  pounds  per  acre. 

Experiment  in  Manuring  Grass  Lands. 

The  system  of  using  wood  ashes,  ground  bone  and  muriate 
of  potash,  and  manure  in  rotation  upon  grass  land  has  been 
continued,  with  two  slight  modifications.  We  have  three 
large  plots  (between  two  and  one-half  and  four  acres  each) 
under  this  treatment.  According  to  the  system  followed, 
each  plot  receives  wood  ashes  at  the  rate  of  1  ton  per  acre 
one  year,  the  next  year  ground  bone  600  pounds  and  muri- 
ate of  potash  200  pounds  per  acre,  and  the  third  year  manure 
at  the  rate  of  8  tons.  The  chano-es  in  manurins:  introduced 
this  year  consist,  first,  in  the  use  of  a  small  quantity  of 
nitrate  of  soda  in  connection  with  the  ashes  on  one  plot  and 
with  the  ground  bone  and  muriate  of  potash  on  another. 
The  experiment  is  further  modified  to  a  slight  extent  by  the 
fact  that  a  little  more  than  one  acre  on  plot  1,  which  contains 
about  four  acres,  was  used  for  experiment  in  the  application 
of  nitrate  of  soda  for  rowen,  elsewhere  described  in  this  re- 
port, the  nitrate  being  used  at  the  rate  of  150  pounds  per 
acre.  Our  system  of  manuring  is  so  planned  that  each  year 
we  have  one  plot  under  each  of  the  three  manurings.  The 
manure  is  always  applied  in  the  fall,  the  other  materials 
early  in  the  spring.  The  ashes  were  put  on  this  year  April 
5,  the  bone  and  potash  April  16.  The  nitrate  of  soda  was 
used  with  the  ashes  at  the  rate  of  64  pounds  to  the  acre,  and 
was  put  on  April  17.  Nitrate  of  soda  was  used  on  plot  3, 
with  bone  and  potash  in  the  quantities  above  named,  at  the 
rate  of  83  pounds  per  acre.     It  was  applied  April  19. 

Plot  1 ,  which  this  year  received  wood  ashes  and  nitrate  of 
soda,  gave  a  yield  at  the  rate  of  2.164  tons  of  hay  and  1.326 
tons  of  rowen  per  acre.  Plot  2,  which  was  top-dressed  in 
the  fall  of  1899  with  manure,  yielded  hay  1.525  tons  and 
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rowen  1.150  tons  per  acre.  Plot  3,  which  was  manured 
with  a  combination  of  bone  and  potash  in  amounts  named, 
and  nitrate,  gave  yields  of  hay  2.228  tons  and  rowen  (two 
crops  on  a  part  of  the  plot)  1.219  tons  per  acre.  The  aver- 
age yield  of  the  entire  area  for  this  year  is  6,510  pounds, 
hay  and  rowen  both  included.  The  field  has  now  been 
twelve  years  in  grass,  and  during  the  continuance  of  the 
present  system  of  manuring,  since  1893,  has  produced  an 
average  product,  hay  and  rowen  both  included,  of  6,615 
pounds  per  acre.  The  plots,  when  dressed  with  manure, 
have  averaged  6,817  pounds  per  acre  ;  when  receiving  bone 
and  potash,  6,626  pounds;  and  when  receiving  ashes,  6,371 
pounds.  It  will  be  noticed  that,  while  the  general  average 
for  this  year,  including  all  the  plots,  falls  below  the  general 
average  for  the  entire  period,  the  average  for  this  year  of  the 
two  plots  receiving  bone  and  potash  and  ashes  is  above  the 
general  average  for  the  entire  period.  It  will  be  remem- 
bered, however,  that  these  plots  have  this  year,  in  addition 
to  the  usual  amounts  of  bone  and  potash  and  ashes  respec- 
tively, received  a  light  dressing  of  nitrate  of  soda.  It  is  pos- 
sibly this  difference  in  treatment  which  has  produced  the 
results  just  pointed  out. 

Poultry  Experiments. 
The  experiments  of  the  past  season  have,  as  in  previous 
years,  been  devoted  to  the  study  of  methods  of  feeding,  as 
affecting  egg-production.  The  only  experiment  the  results 
of  which  it  is  proposed  to  report  at  the  present  time  is  one 
having  for  its  object  the  determination  of  the  relative  merits 
of  the  system  of  giving  a  mash  in  the  morning,  as  compared 
with  the  system  of  giving  it  late  in  the  afternoon. 

General  Conditions. 
Barred  Plymouth  Rock  pullets,  raised  on  the  scattered 
colony  plan,  divided  into  two  lots,  as  equally  matched  in 
weight  and  development  as  possible  at  the  beginning  of  the 
experiment,  were  employed.  Twenty  such  pullets  with  two 
cockerels  were  put  into  each  house.  Our  houses  are  de- 
tached, and  include  a  closed  room  for  nests  and  roosts,  10 
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by  12  feet,  with  two  windows  about  3  by  6  feet  on  the  south, 
scratching  shed,  8  by  12  feet,  which  is  left  either  entirely 
open  in  fine  weather  or  closed  by  folding  doors  with  large 
glass  windows  in  stormy  weather,  while  the  fowls  are  allowed 
the  run  of  large  yards  whenever  the  weather  permits. 

Two  tests  were  made  :  a  so-called  winter  test,  December 
7  to  May  20 ;  and  a  summer  test.  May  29  to  September  16. 
The  feeds  used  in  the  two  coops  were  of  the  same  kinds,  the 
intention  being  to  give  each  lot  of  fowls  as  much  food  as 
would  be  readily  consumed.  The  mash  used  in  these  experi- 
ments was  commonly  mixed  with  boiling  water  about  twelve 
hours  before  use,  but  in  some  instances  was  given  hot  im- 
mediately after  mixing.  The  morning  mash  was  always 
given  as  soon  after  light  as  possible,  the  evening  mash  just 
before  dark.  The  whole  o-rain  o-iven  to  both  lots  of  fowls 
was  scattered  in  the  straw  in  the  scratching  shed,  for  the 
fowls  in  one  coop  early  in  the  morning,  for  those  in  the  other 
coop  about  an  hour  before  dark.  Both  lots  of  fowls  were 
given  a  little  millet  seed  scattered  in  the  straw  at  noon,  the 
object  in  view  being  to  keep  them  industriously  searching 
for  food  in  the  straw  a  considerable  share  of  the  time.  About 
twice  a  week  a  small  cabbage  was  given  to  each  lot  of  fowls. 
The  eggs  were  weighed  weekly ;  all  the  fowls  were  weighed 
at  intervals  of  about  one  month.  Sitters  were  confined  in 
a  coop  until  broken  up,  being  meanwhile  fed  like  their  mates. 
The  prices  per  hundred  weight  for  feeds  upon  which  financial 
calculations  are  based  are  shown  below :  — 

Per  Cwt. 

Wheat, $1  65 

Corn  and  corn  meal, 90 

Millet, 1  00 

Bran  and  middlings, 90 

Gluten  feed, 1  00 

Gluten  meal, 1  25 

Animal  scraps, 2  25 

Clover, 1  50 

Cabbage, 25 

Oats, .  1  12.5 

The  health  of  the  fowls  under  both  systems  of  feeding  has 
been  in  general  good,  although,  as  is  usually  the  case,  there 
have  been  a  few  losses.    Two  fowls  on  the  mornino;  mash  died 
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in  April,  and  post-mortem  examination  showed  a  catarrlial 
condition  of  the  throat  and  intestines.  Three  fowls  in  the 
evening  mash  coop  died ;  post-mortem  examination  of  one 
showing  enlarged  liver  and  spleen  and  ulcerated  alimentary 
canal,  and  in  another  case  enlarged  liver  and  intestinal 
parasites. 

Winter  Experiment. 
All  details  necessary  to  a  full  understanding  of  the  exper- 
iment will,  it  is  believed,  be  found  in  the  following  tables  :  — 

Foods  consumed,  Morning  v.  Evening  Mash,  December  7  to  May  20. 


KIND  OF  FOOD. 


Morning  Mash 
(Pounds). 


Evening  Mash 
(founds). 


Corn, 
Wheat,      . 
Millet, 
Bran, 

Meat  scraps, 
Clover, 
Corn  meal, 
Cabbage,  . 


•261.00 
130.50 
39.50 
46.00 
45.00 
22.00 
11-2.00 
62.50 


239.50 
120.00 
37.75 
45.00 
43.00 
21.50 
107.00 
77.75 


Average  Weights  of  Fowls  (^Pounds) , 


MoBNiNG  Mash. 

Evening  Mash. 

DATES. 

Hens. 

Cocks. 

Hens. 

Cocks. 

December  7 

February  6, 

March  17, 

May  21 

4.61 
5.38 
5.69 
5.24 

7.75 
7.38 
7.38 
7.88 

4.33 
4.78 
5.28 
5.13 

7.13 

6.88 
8.88 
6.88 

Number  of  Eggs  per  Month,  Morning  v.  Evening  Mash,   Winter 

Test. 


DATES. 


Morning 

Evening 

Mash. 

Mash. 

1 

1 

19 

27 

76 

52 

283 

229 

271 

292 

143 

157 

December, 

January,  . 

February, 

March, 

April, 

May,. 

Totals, 
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Morning  v.  Evening  Mash  for  Egg-production,   Winter  Test. 


Evening 
Mash. 


Total  dry  matter  in  foods  (pounds) ,     . 
Number  of  hen  days,  not  including  males, 
Number  of  hen  days,  including  males. 

Gross  cost  of  food, 

Gross  cost  of  food  per  egg  (cents) , 
Gross  cost  of  food  per  hen  day  (cents) , 
Number  of  eggs  per  hen  day. 
Average  weight  per  egg  (ounces) , 
Total  weight  of  eggs  (pounds),     . 
Dry  matter  consumed  per  egg  (pounds) , 
Nutritive  ratio,* 


*  The  term  nutritive  ratio  is  used  to  designate  the  ratio  existing  between  the  total  nitrog- 
enous and  the  non-nitrogenous  constituents  of  the  feeds  used,  the  former  being  regarded 
as  a  unit,  and  fat  multiplied  by  2.5. 


Summer  Experiment. 
The  method  of  feeding  during  the  summer  experiment  was 
the  same  as  in  the  winter,  save  in  two  particulars :  first,  in 
place  of  cut  clover  rowen  in  the  mash,  lawn  clippings  in  such 
quantities  as  the  fowls  would  eat  before  wilting  were  fed 
three  times  a  week,  to  the  hens  in  all  the  houses  the  same ; 
and,  second,  the  feeding  of  cabbages  was  discontinued.  The 
yards,  1,200  square  feet  in  area  for  each  house,  were  kept 
fresh  by  frequent  turning  over  of  the  soil.  The  tables  give 
all  details :  — 

Foods   consumed,  Morning  Mash    v.  Evening  Mash,  May  29  to 

Sei)temher  16. 


KIND   OF  FOOD. 

Bran 

Middlings, 

Meat  scraps, 

OatB 

Corn  meal 

Com, 


Morning  Mash 
(Pounds). 


Evening  Mash 
(Pounds). 


41.80 
41.80 
32.00 
47.80 
41.80 
171.70 


40.70 
40.70 
32.00 
49.20 
40.70 
174.80 
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Average  Weight  of  Foivls  (^Pounds) . 


May  29,  . 
July  30,  . 
August  16, 


DATES. 


MoBNiHS  Mash. 


Hens. 


5.69 
5.53 
5.11 


Cocks. 


8.00 

7.75 
8.00 


Evening  Mash. 


Hens.        Cocks 


4.94 
5.00 
4.74 


6.75 
6.75 
7.00 


Number  of  Eggs  per  Month,  Morning  v.  Evening  Mash,  Summer 

Test. 


DATES. 

May 

June,         ...... 

July 

August 

September,       .        .        .        .        , 
Totals,       .        .        .        .        , 


Morning 
Mash. 


Evening 
Mash. 


Morning  v.  Evening  Mash  for  Egg-production,  Summer  Test. 


Morning 


Evening 
Mash. 


Total  dry  matter  in  foods  (pounds),     . 
Number  of  hen  days,  not  including  males, 
Number  of  hen  days,  including  males, 

Gross  cost  of  food 

Gross  cost  of  food  per  egg  (cents), 
Gross  cost  of  food  per  hen  day  (cents), 
Number  of  eggs  per  hen  day, 
Average  weight  per  egg  (ounces) , 
Total  weight  of  eggs  (pounds),     . 
Dry  matter  consumed  per  egg  (pounds) , 
Nutritive  ratio,* 


337.02 
1,719 
1,941 
$3  94 
.68— 
.20+ 
.34— 
1.83 
66.68 
.51— 
1:5.5+ 


338.11 
1,722 
1,944 
$3  95 
.69+ 
.20+ 
.33+ 
1.90 
67.69 
.59+ 
1:5.6 


*  The  term  nutritive  ratio  is  used  to  designate  the  ratio  existing  between  the  total  nitrog- 
enous and  the  total  non-nitrogenous  constituents  of  the  feeds  used,  the  former  being 
regarded  as  a  unit,  and  fat  multiplied  by  2.5. 

It  will  be  seen  that  neither  in  the  winter  nor  summer  ex- 
periment was  there  any  very  considerable  difference  in  the 
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number  of  eggs  produced.  It  is,  however,  possibly  signiii- 
cant,  and  this  fact  is  made  evident  by  the  tables  showing 
monthly  egg  yields,  that  during  the  period  of  shortest  days 
the  fowls  receivino;  the  evenino;  mash  laid  less  eggs  than  the 
others. 

The  most  striking  result  of  the  experiments  is  the  great 
difference  in  the  relative  amounts  of  droppings  voided  during 
the  night  by  the  fowls  under  the  two  systems  of  feeding.  It 
was  noticed  from  the  beginning,  and  the  same  remained  true 
throughout  the  entire  period,  that  the  amount  of  droppings 
voided  during  the  night  by  the  fowls  receiving  the  evening 
mash  was  very  much  greater  than  the  amount  voided  by  the 
other  lot  of  fowls.  Weights  were  taken  on  a  number  of 
different  occasions,  with  the  results  shown  below  :  — 


3forning  v.  Evening  Mash. 


Number  of 

Days 
Droppings. 

Morning  Mash. 

Evening  Mash. 

DATES, 

Number 

of 

Hen  Nights. 

Weight 

of 

Droppings 

(Pounds). 

Number 

of 

Hen  Nights. 

Weight 

of 

Droppings 

(Pounds). 

March  3,         .        .        . 
March  5,         .        .        . 
March  7, 

March  10,       .        .        . 
March  21, 

1 
2 
2 
1 

1 

22 
44 
44 
22 
22 

3.00 
5.25 
5.25 
2.50 
2.50 

21 
42 
42 
21 
19 

6.00 
11.00 
10.50 
6.25 
4.50 

It  loill  be  noticed  that  the  loeight  of  the  droppings  voided 
during  the  night  by  the  fowls  receiving  the  evening  mash  dur- 
ing the  period  of  nearly  even  days  and  nights  during  which 
these  iveights  were  taken  is  practically  double  the  toeight  of  the 
droppings  of  the  other  lot  of  fowls.  The  fact  thus  brought 
out  is  doubtless  of  much  significance.  It  furnishes  conclusive 
evidence  that  the  digestive  process  in  the  case  of  a  soft  food 
like  a  mash  is  very  rapid.  The  fact  that  digestion  among 
birds  is  relatively  much  more  rapid  than  with  most  classes  of 
animals  has  been  already  many  times  pointed  out.  Forbush, 
in  his  paper  in  the  report  of  the  secretary  of  the  State  Board 
of  Agriculture  for  1899,  gives  valuable  data  bearing  upon 
this  subject  concerning  a  number  of  the  smaller  birds  and 
crows.  Our  experiments  indicate  that  the  ordinary  domestic 
fowl,  as  might  have  been  supposed  would  be  the  case,  is  also 
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able  to  digest  soft  foods  with  a  degree  of  rapidity  which 
seems  astonishing.  There  has  long  been  a  general  impres- 
sion, and  the  usual  practice  in  feeding  fowls  is  evidence  of 
this,  that  it  is  better  to  give  the  more  solid  food  at  night, 
especially  during  the  winter,  since  it  will  "stay  by"  the 
fowls  better.  Our  experiments  indicate  that  this  impression 
is  well  founded,  and  that  the  usual  practice  is  correct, 
although  they  cannot  be  considered  to  prove  it,  because,  of 
course,  it  may  be  that  a  period  of  comparative  rest  for  the 
dio;estive  oro-ans  during  the  night  is  better  than  the  condi- 
tion  of  more  continuous  work  for  these  organs  which  would 
follow  the  use  of  solid  food  at  night. 

We  have  not  obtained  a  sufficient  difference  in  egg-pro- 
duction to  be  considered  significant,  but  it  is  believed  that 
the  experiment,  so  far  as  it  goes,  indicates  that  it  is  better 
that  the  mash  should  be  fed  in  the  morning.  It  is  con- 
ceivable, however,  that,  if  the  mash  be  given  in  too  large 
quantities,  the  fowls  will  gorge  themselves,  will  then  as  a 
consequence  become  inactive,  and  remain  comparatively  in- 
active during  a  considerable  part  Qf  the  morning ;  whereas, 
if  they  be  given  whole  grain,  for  which  they  are  required  to 
scratch,  they  are  of  necessity  more  active.  The  relative 
weights  of  the  fowls,  particularly  during  the  winter,  afford 
some  indication  that  we  to  some  extent  experienced  this  dif- 
ficulty ;  for  it  will  be  noticed  that  the  fowls  receiving  the 
morning  mash,  especially  during  the  period  of  shortest  days, 
weighed  considerably  more  than  the  fowls  receiving  the 
evening  mash. 

It  must,  however,  be  further  pointed  out  that  the  average 
difference  in  weight  during  the  summer  months  was  also 
considerable,  amounting  to  about  one-half  pound  at  the  time 
of  each  of  the  weighings.  During  the  earlier  part  of  this 
period,  however,  the  fowls  receiving  the  evening  mash  were 
producing  the  greater  number  of  eggs,  which  difference  may 
perhaps  account  for  their  decreased  relative  weight. 

It  is  concluded  that,  so  far  as  the  results  of  this  experi- 
ment enable  one  to  judge,  the  morning  mash  is  preferable  to 
the  evening ;  but  it  is  evident  that  additional  investigation 
is  required  in  order  to  throw  further  light  upon  the  subject. 
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